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(54) NOVEL Dl HYDROPYRI DINE DERIVATIVE 

(57) Dihydropyridine derivatives of the following formula, analogs thereof and pharmaceutical^ acceptable salts 
thereof have an activity of selectively inhibiting the action of N-type calcium channel. They are used as remedies for var- 
ious diseases relating to the N-type calcium channel. 
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Description 



Background of the Invention 

[0001] The present invention relates to new dihydropyridine derivatives, and the use of the dihydropyridine deriva- 
tives as medicines. It is said that the activation of N-type calcium channel is concerned with diseases such as enceph- 
alopathies caused by the ischemia in the acute phase after the onset of cerebral infarction, cerebral hemorrhage 
(including subarachnoidal bleeding) or the like; progressive neurodegenerative diseases, e. g. Alzheimer's disease; 
AIDS related dementia; Parkinson's disease; dementia caused by cerebrovascular disorders and ALS; neuropathy 
caused by head injury; various pains, e. g. sharp pain caused by spinal injury, diabetes or thromboangitis obliterans; 
pain after an operation; migraine and visceral pain; various diseases caused by psychogenic stress, e. g. bronchial 
asthma; unstable angina and hypersensitive colon inflammation; emotional disorder; and drug addiction withdrawal 
symptoms, e. g. ethanol addiction withdrawal symptoms. The compounds of the present invention are effective in inhib- 
iting the activation of N-type calcium channel and. therefore, they are usable as remedies for the above-described dis- 
eases. ■ . 
[0002] The calcium channels are now classified into subtypes L, N, P, Q. R and T. Each of the subtypes is distrib- 
uted specifically to organs. Particularly, it is known that N-type calcium channel is widely distributed in the central 
nerves, peripheral nerves and adrenal medulla cells and that this calcium channel is concerned with the death of neu- 
rons, control of blood catecholamine dynamics and control of senses such as perceptivity. 

[0003] It was confirmed that peptides, omega conotoxin GVIA and omega conotoxin MVI IA which selectively inhibit 
the function of N-type calcium channel inhibit the release of excitatory neurotransmitter from a brain slice sample. It was 
confirmed by animal experiments that they prevent the advancement of neuron necrosis in a cerebrovascular disorder. 
It is generally considered that a compound having a clinical effect of inhibiting the function of N-type calcium channel is 
effective in curing encephalopathies caused by the ischemia in the acute phase after the onset of cerebral infarction, 
cerebral hemorrhage (including subarachnoidal bleeding) or the like; progressive neurodegenerative diseases, e. g. 
Alzheimer's disease; AIDS related dementia; Parkinson's disease; dementia caused by cerebrovascular disorders and 
ALS; neuropathy caused by head injury. In addition, it was also confirmed by animal experiments that omega conotoxin 
MVIIA gets rid of formalin-caused sharp pain, hot plate pain, sharp pain caused by peripheral neuropathy, etc. There- 
fore, this medicine is considered to be clinically effective for relieving various pains such as sharp pain caused by spinal 
injury, diabetes or thromboangitis obliterans; pain after an operation; migraine; and visceral pain. Further, omega cono- 
toxin GVIA inhibits the release of catecholamine from cultured sympathetic ganglion cells, the constriction reaction of 
an isolated blood vessel by the electric stimulation of governing nerves, and the acceleration of catecholamine secre- 
tion from dog adrenal medulla, etc. Therefore, it is considered that compounds having the N-type calcium channel- 
inhibiting activity are clinically effective in treating various diseases caused by psychogenic stress, e. g. bronchial 
asthma, unstable angina and hypersensitive colon inflammation [Neuropharmacol.. 32. 1 1 41 (1 993)]. 
[0004] Although several peptide compounds and non-peptide compounds which selectively react on the N-type cal- 
cium channel have been disclosed hitherto (for example, WO 9313128). they are not yet used as practical medicines. 
Some of known compounds which react on the N-type calcium channel also react on other calcium channels than the 
N-type calcium channel [British Journal of Pharmacology, 122 (1), 37-42. 1997]. For example, compounds which are 
also antagonistic to L-type calcium channel, which deeply concern with the hypotensive effect, were incompatible with 
diseases for which N-type antagonists are efficacious (such as cerebral stroke, and pain caused of neuralgia, terminal 
cancer, spinal injury or the like). 



Disclosure of the Invention 

[0005] An object of the present invention is to provide new compounds having a selectively antagonistic effect on 
N-type calcium channel. 

[0006] Another object of the present invention is to provide antagonists to the N-type calcium channel. 

[0007] Still another object of the present invention is to provide remedies for encephalopathies caused by the 

ischemia in the acute phase after the onset of cerebral infarction or cerebral hemorrhage, Alzheimer's disease. AIDS 

related dementia, Parkinson's disease, progressive neurodegenerative disease, neuropathy caused by head injury. 

sharp pain caused by thromboangitis obliterans, pain after an operation, migraine, visceral pain, bronchial asthma. 

unstable angina, hypersensitive colon inflammation and drug addiction withdrawal symptoms. 

[0008] A further object of the present invention is to provide a medicinal composition. 

[0009] The above-described objects and other objects of the present invention will be apparent from the following 
description and Examples. 

[0010] The inventors synthesized various dihydropyridine derivatives, and made investigations on the effects of 
these newly synthesized compounds and known dihydropyridine derivatives for inhibiting the electric current of N-type 
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calcium channel. After the investigations, the inventors have found that some specified, new dihydropyridine derivatives 
have excellent, selective antagonistic effect on the N-type calcium channel. The present invention has been completed 
on the basis of this finding. 

[001 1 ] Namely, the present invention provides dihydropyridine derivatives of following general formula (1 ) or pnar- 
s maceutically acceptable salts thereof: 



(1) 




D 



20 



25 



30 



wherein A represents a group of following general formula (2). 1-naphthyl group, 2-naphthyl group, thiophene-3-yl 
group, thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, pyndine-2- 
yl group, indole-2-yl group or indole-3-yl group: 

(2) 




35 



40 



45 



wherein R 1 R 2 R 3 R 4 and R 5 may be the same or different from each other, and each represent hydrogen atom, 
a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower 
alkoxyl group a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthio group, a 
lower alkanoyl group, a lower alkoxycarbonyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group a 
hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alke- 
nyl group, an aryl group, a heteroaryl group, an aryl-lower alkoxyl group or an aroyl group. 

B represents cyano group, nitro group, acetyl group, tetrazole group, triazole group or a group of following general 
formula (3) or (4): 

(3) 9 (4) R Sn^ 



SO 



55 



wherein R 6 to R 8 each represent hydrogen atom, a linear or branched, saturated or unsaturated hydrocarbon group 
having 1 to 6 carbon atoms, an alkyl group substituted with a cyclic alkyl group (which may contain a hetero atom) 
a substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaryl group, a hydroxy-lower alkyl 
group a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkenyl group, an aryl-lower 
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alkyl group, an aryl-lower alkenyl group, a heteroaryl-lower alkyl group (excluding pyridine-3-ylpropyl group), a het- 
eroaryl-lower alkenyl group, a cyano-lower alkyl group or a cyano-lower alkenyl group, and the chains in R to R 
may have a hetero atom, and 

R 7 and R 8 may together form a ring which may contain a hetero atom, 

C represents hydrogen atom, a lower alkyl group, dimethoxymethyl group, cyano group, a hydroxy-lower alkyl group 
or a halogeno-lower alkyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alky) group or an aryl-lower alkyl group, 

E represents hydrogen atom, a lower alkyl group, dimethoxymethyl group, cyano group, a hydroxy-lower alkyl group 

or a halogeno-lower alkyl group, 

F represents an aryl group, a heteroaryl group or a cyclic alkyl group (which may have a hetero atom), 
G represents hydrogen atom or a lower alkyl group, 

X 1 represents an interatomic bond, -CH 2 -. -CH 2 CH 2 -, -CH=CH- or -OC-, and 
Y represents a group of any of following general formulae (5) to (14): 




(8)-l 



H2 H2 
H2 



Y 



(8)-2 



(8)-3 



H2 H2 
H2 H2 



H2 H2 H2 

'^C'^C 
H2 H2 



Y 



(9) 



H2 r\ 



(10) 



H2 
H2 



(11) 



H2 H2 
H2 



(12) 



H2 
H2 



(13) O 

r 



R 11 



(14) 



H2 
H2 ■„ 



wherein two of R 9 to R 12 and R° may be the same or different from each other, and each represent hydrogen atom, 
a lower alkyl group, a hydroxy-lower alkyl group, a thio-lower alkyl group, an alkylthio-lower alkyl group, an aryl 
group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group, B and C may together form a lactone ring or 
lactam ring or two of R 1 to R 3 may be bonded together to form a ring, and R 9 and R 10 may be bonded together to 
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10 



form a ring. 



[001 2] The present invention also provides an antagonist to the N-type calcium channel, which contains a dihydro- 
pyridine derivative of above general formula (1) or general formula (1-1) given below or a pharmaceutical^ acceptable 
salt thereof as the active ingredient. . 
[001 3] The present invention further provides a medicine containing the above-described dihydropyndine derivative 
or a pharmaceutical^ acceptable salt thereof as the active ingredient, and usable for any of encephalopathies caused 
by the ischemia in the acute phase after the onset of cerebral infarction, cerebral hemorrhage. Alzheimer's disease. 
AIDS related dementia. Parkinson's disease, progressive neurodegenerative disease, neuropathy caused by head 
injury, sharp pain caused by thromboangitis obliterans, pain after an operation, migraine and visceral pain, bronchial 
asthma, unstable angina, hypersensitive colon inflammation, and drug addiction withdrawal symptoms. 




wherein A represents a group of following general formula (2). 1-naphthyl group, 2-naphthyl group, thiophene-3-yl 
so group thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, pyrid»ne-2- 
yl group indole-2-yl group, indole-3-yl group, quinoline-2-yl group, quinoline-3-yl group, quinoline-4-yl group, qum- 
oline-5-yl group, quinoline-6-yl group, quinoline-7-yl group, quinoline-8-yl group, another heteroaryl group, 
cyclohexyl group, cyclopentyl group or a cyclic alkyl group (which may contain a hetero group). 
Bis as defined above in general formula (1). 
35 C represents hydrogen atom, dimethoxymethyl group, cyano group, a lower alkyl group, a hydroxy-lower alkyl 
group, a halogeno-lower alkyl group, an amino-lower alkyl group, an azido-lower alkyl group, an aryl group, a het- 
eroaryl group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group. 
D is as defined above in general formula (1 ), 

E represents hydrogen atom, dimethoxymethyl group, cyano group, a lower alkyl group, a hydroxy-lower alkyl 
40 group, a halogeno-lower alkyl group, an amino-lower alkyl group, an azido-lower alkyl group, an aryl group, a het- 
eroaryl group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group, 
X 1 is as defined above in general formula (1), 
J represents a group of following formulae (J-1) to (J-3): 



45 



50 



55 
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(J-1) 



-N 
G 



(J-2) 



H /(CH 2 )m N 




(J-3) 



/(CH 2 )n x 



wherein F in formula (J-1) represents an aryl group, a heteroaryl group or a cyclic alkyl group (which may contain 
a hetero atom), 

F and G are as defined in general formula (1), 

Y is as defined in general formula (1). or represents a group of following formula (22) or (23): 



(22) 



H2 



(23) 



H2 



C 
H2 



wherein m in formulae (J-2) and (J-3) represents an integer of 1 to 3, n represents an integer of 2 or 3, 1 represents 
an aryl group, a heteroaryl group, a cyclic alkyl group (which may contain a hetero atom) or a group of following 
formula (la): 

(la) p 
— (CH2)k-CH s 

Q 



wherein k is 0, 1 or 2, P and Q may be the same or different from each other, and each represent hydrogen atom, 
a lower alkyl group, a hydroxy-lower alkyl group, a thio-lower alkyl group, an alkylthio-lower alkyl group, an aryl 
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group, an aryl-lower alkyl group, a heteroaryl group or a heteroaryl-lower alkyl group, or P and Q together form a 
ring which may contain a hetero atom, 

B and C may together form a lactone ring or lactam ring or two of R 1 to R 3 may be bonded to form a ring, and R 
and R 10 may be bonded together to form a ring. 

[0014] The present invention also provides a medicinal composition containing the above-described dihydropyrid- 
ine derivative of general formula (1) or a pharmaceutical^ acceptable salt thereof, a carrier and/or a diluent. 

Best Mode for Carrying out the Invention 

[0015] The term "lower" in, for example, lower alkyl groups, herein indicates that the groups have 1 to 6 carbon 
atoms The alkyl groups themselves and the alkyl groups in the alkoxyl, alkenyl, alkylamino, alkylthio and alkanoyl 
groups may be either linear or branched. The alkyl groups are. for example, methyl group, ethyl group, propyl group, 
isopropyl group, butyl group and secondary and tertiary butyl groups. Among them, those having 1 to 3 carbon atoms 
are preferred. The aryl-lower alkoxyl groups include, for example, benzyloxy group. The halogen atoms indicate fluo- 
rine chlorine, bromine and iodine atoms. Examples of the aryl groups herein include substituted and unsubstituted aryl 
groups preferably substituted or unsubstituted phenyl groups, and the substituents thereof are particularly preferably 
halogens alkyl groups and alkoxyl groups. The heteroaryl groups are substituted or unsubstituted heteroaryl groups, 
such as preferably, pyridyl group, furyl group, and substituted pyridyl and furyl groups. Particularly preferred examples 
of the substituents are halogens, alkyl groups and alkoxyl groups. Examples of the aroyl groups include benzoyl group 
and pyridylcarbonyl group. m 6 a . 

[001 6] The substituents of the substituted aryl groups or substituted heteroaryl groups in R° to R in the groups rep- 
resented by general formula (3) or (4) are. for example, halogen atoms (such as fluorine, chlorine, bromine and iodine), 
hydroxy! group, carboxyl group, cyano group, nitro group, lower alkyl groups, lower alkoxyl groups, halogeno-lower alkyl 
groups and lower alkoxycarbonyl groups. w 
[0017] 1-Naphthyl group, 2-naphthyl group, indole-2-yl group and indole-3-yl groups represented by A in general 
formula (1 ) are either unsubstituted or substituted, and the substituents of them are the same as those descrfoed above 
with reference to R 6 to R 8 . 

[001 8] Thiophene-3-yl group, thiophene-2-yl group, f uran-3-yl group, f uran-2-yl group, pyridine-4-yl group, pyndine- 
3-yl group and pyridine-2-yl group represented by A are also unsubstituted or substituted. When they have two or more 
substituents, the substituents may form a ring together. The substituents are those described above with reference to 
1-naphthyl group. The rings formed by those substituents include benzothiophene, benzofuran. quinolme, isoquinolme, 
etc. 

[0019] Quinoline-2-yl group, quinoline-3-yl group, quinoline-4-yl group, quinoline-5-yl group, quinoline-6-yl group. 
quinoline-7-yl group and quinoline-8-yl group represented by A in general formula (1 -1) are either unsubstituted or sub- 
stituted and the substituents of them are the same as those described above with reference to 1 -naphthyl group or the 
like Heteroaryl groups, cyclohexyl group, cyclopentyl group and other cyclic alkyl groups are also unsubstituted or sub- 
stituted. When they have two or more substituents. these substituents may form a ring together. The substituents are 
those described above with reference to 1 -naphthyl group. The rings formed by these substituents include acridine. 
benzothiazole. benzoxazole, tetrahydronaphthalene, indan. etc. 

[0020] The heteroaryl groups and other cyclic alkyl groups include, for example, thiazole. oxazole, pynmidine, pyra- 
zine and pyridazine; and cyclopropyl. cyclobutyl. cycloheptyl and cyclooctyl groups. 

[0021] The groups other than those described above as groups represented by A in above general formula (1 -1) 
are the same as those represented with reference to groups represented by A in general formula (1). 
[0022] The lower alkyl groups, hydroxy-lower alkyl groups, halogeno-lower alkyl groups, amino-lower alkyl groups, 
azido-lower alkyl groups, aryl-lower alkyl groups and heteroaryl-lower alkyl groups may contain a hetero atom in their 
chains. The hetero atoms include oxygen, nitrogen and sulfur atoms, and the chains containing the hetero atoms are 
for example, hydroxyethoxymethyl group, methoxyethyl group, aminoethoxymethyl group, azidoethoxymethyl group and 

methylthioethyl group. 4 .. . 

[0023] F in general formula (1) is preferably a group of following formula (1 5), thiophene-3-yl group, thiophene-2-yl 
group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, pyridine-2-yl group, cyclohexyl group, 
pyrrolidine-1-yl group, morpholine-4-yl group, imidazole-1-yl group or pyrrolidinone-1-yl group: 



EP 1 043 314 A1 




wherein R 13 , R 14 , R 15 R 16 and R 17 may be the same or different from each other, and each represent hydrogen 
atom a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl group, 
a lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower alkylthio 
group a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl 
group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower 
alkyl group, an aryl-lower alkoxyl group, a lower alkoxycarbonyl group, carbamoyl which may have a substtuent. a 
carboxyamide group which may have a substituent, an aroyl group, an aryl group, a heteroaryl group or a saturated 
cyclic hydrocarbon group having 3 to 8 carbon atoms, which may have a hetero atom in its chain if necessary; and 
two of R 1 3 to R 1 5 may be bonded together to form a ring. 

[0024] Thiophene-3-yl group, thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine- 
3-yl group pyridine-2-yl group, cyclohexyl group and pyrrolidine-1-yl group may be either unsubstituted or substituted. 
When they have two or more substituents. they may form a ring together. The subsfrtuents are those described above 
with reference to R 6 to R 8 . The rings formed by those substituents are. for example, those described above with .refer- 

ence to group A. _ 
[0025] F in general formula (1 -1 ) is preferably a group of above formula (15). thiophene-3-yl group, thiophene-2-yl 
group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, pyridine-2-yl group, imidazole-1 -yl 
group, another heteroaryl group, piperidine-1-yl group; piperidine-4-yl group, pyrrolidine-1-yl group, pyrrolidine-3-y 
group, piperidinone-1-yl group, pyrrolidinone-1-yl group, piperazine-1-yl group, morpholme-4-yl group, or a cyclic alkyl 
group having 3 to 8 carbon atoms such as cyclohexyl group or cyclopentyl groip. 

[0026] The heteroaryl group, pyrrolidine-3-yl group, piperazine-1-yl group, piperidine-4-yl. piperidme-1-yl, pyrrolid- 
ine-1-yl. cyclopentyl group, morpholine-4-yl group and cyclic alkyl groups having 3 to 8 carbon atoms may be unsubsti- 
tuted or substituted. When they have two or more substituents. these substituents may form a ring together. The 
substituents are those described above with reference to F in above general formula (1). The rings formed by these sub- 
stituents are, for example, those described above with reference to group A. and tetrahydroisoquinoline 
[0027] Furthermore, the meaning of F in the formula (1 -1) is the same as that of F in the formula (1). 
[0028] Preferred substituents in general formulae (1) and (1-1) in the present invention are as described below. 

A is preferably a group of general formula (2), 1 -naphthyl group, 2-naphthyl group, thiophene-3-yl group, thiophene- 
2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group or pyridine-2-yl group. 
B is preferably a group of general formula (3) [particularly preferably a group of general formula (3) wherein R rep- 
resents hydrogen atom, an aryl-lower alkenyl group, a heteroaryl-lower alkenyl group or a cyano-lower alkyl group], 
a group of general formula (4) [particularly preferably a group of general formula (4) wherein either R or 
R 8 represents hydrogen atom], or a group, which is condensed with C to form a lactone ring, such as cyano group, 
nitro group, acetyl group, tetrazole group or triazole group. 

C is preferably hydrogen atom, a lower alkyl group, cyano group, chloromethyl group, hydroxymethyl group, hydrox- 
yethoxymethyl group or aminoethoxym ethyl group. 

D is preferably hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or aryl-lower alkyl group. 

E is preferably hydrogen atom, a lower alkyl group, cyano group, chloromethyl group, hydroxymethyl group, hydrox- 

yethoxymethyl group or aminoethoxymethyl group. 

X 1 is preferably an interatomic bond. -CH=CH- or -OC-, and 

F is preferably a group of general formula (15). thiophene-3-yl group, thiophene-2-yl group, furan-3-yl group. 
furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, pyridine-2-yl group, imidazole-1 -yl group, another het- 
eroaryl group, piperidine-1-yl group, piperidine-4-yl group, pyrrolidine- 1-yl group, pyrrolidine-3-yl group or mor- 
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pho!ine-4-yi group. 

G is preferably hydrogen atom or a lower alkyl group. 

Y is preferably a group of any of general formulae (5) to (7), (8)-1 and (9)-(14). R° is preferably hydrogen atom. 
Among these groups, preferred groups are those represented by general formula (6) wherein R 9 and R are par- 
ticularly preferably hydrogen atom, and those represented by general formulae (7), (8)-1. (8)-2 or (8)-3 wherein R 
is particularly preferably hydrogen atom. 

J is preferably a group represented by general formula (J-1) wherein G, Y and F are preferably those described 
above for general formula (1). 

I is preferably an aryl-lower alkyl group, a heteroaryl-lower alkyl group, an aryl group or a heteroaryl group. 

[0029] In the present invention. Y in general formula (1) is preferably a group represented by general formula (6). 
[0030] Preferably in general formula (1). D is hydrogen atom, G is hydrogen atom, X 1 is an interatomic bond, and 
Y is a group of general formula (6) wherein R 9 and R 10 are each hydrogen atom. 

[0031] Preferably in general formula (1). B is a group of general formula (3), a group of general formula (4) wherein 
either R 7 or R 8 represents hydrogen atom, or a group which is condensed with C to form a lactone ring. D is hydrogen 
atom, G is hydrogen atom, X 1 is an interatomic bond, and Y is a group of general formula (6) wherein R and R are 
each hydrogen atom. 

[0032] Preferably in general formula (1), B is a group of general formula (3) wherein R 6 represents hydrogen atom 
D is hydrogen atom. G is hydrogen atom. X 1 is an interatomic bond, and Y is a group of general formula (6) wherein R 
and R 10 are each hydrogen atom. 

[0033] Preferably in general formula (1), B is a group of general formula (3) wherein R 6 represents hydrogen atom, 
or a group of general formula (4) wherein R 7 or R 8 each represents hydrogen atom, D is hydrogen atom. G is hydrogen 
atom, X 1 is an interatomic bond, and Y is a group of general formula (7), (8)-1 . (8)-2 or (8)-3 wherein R° is particularly 
preferably hydrogen atom. More preferably. B is a group ol general formula (3) wherein R 6 represents hydrogen atom. 
[0034] Preferably in general formula (1). B is a group of general formula (3) wherein R 6 represents a group other 
than hydrogen atom, D is hydrogen atom. G is hydrogen atom. X 1 is an interatomic bond, and Y is a group of general 
formula (7). (8)-1 . (8)-2 or (8)-3 wherein R° is particularly preferably hydrogen atom. 

[0035] Preferably in general formula (1). B is a group of general formula (3) wherein R 6 represents an aryl-lower 
alkenyl group, a heteroaryl-lower alkenyl group or a cyano-lower alkyl group. D is hydrogen atom. G is hydrogen, atom, 
X 1 is an interatomic bond, and Y is a group of general formula (7). (8)-1 . (8)-2 or (8)-3 wherein R° is particularly prefer- 
ably hydrogen atom. 

[0036] Preferably in general formula (1). A is a group of general formula (2), B is a group of general formula (3) 
wherein R 6 represents hydrogen. D is hydrogen atom, F is a group of general formula (15), G is hydrogen atom, X is 
an interatomic bond, and Y is a group of general formula (6) wherein R 9 and R 10 are each hydrogen atom. 
[0037] Preferably in general formula (1-1), A is a group of general formula (2), B is a group of general formula (3) 
wherein R 6 represents hydrogen. D is hydrogen atom, and J is a group of general formula (J-2) wherein m represents 
2 and I represents benzyl group or a group of general formula (J-3) wherein n represents 2. and I represents phenyl 



[0038] Among the compounds of general formula (1), those of following general formula (1 -a) are preferred: 



group. 




H 



(1-a) 
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10 



15 



wherein R 1 , R 2 , R 3 , Ft 4 and R 5 are as defined above, 

B represents a group of above general formula (3) or (4) wherein R 6 to R 8 are as defined above. 

C and E each represent a lower alkyl group. 

R 13 to R 17 are as defined above, and 

Y is represented by above general formula (6) or (7) wherein 

R° is preferably hydrogen atom, and R 9 and R 10 are each hydrogen atom. 

[0039] In the present invention, preferred dihydropyridine derivatives are those of general formula (1 -a) or pharma- 
ceutically acceptable salts thereof, wherein B is represented by above general formula (3) wherein R represents hydro- 
gen atom. C and E are each methyl group, and Y is represented by above general formula (6) wherein R and R each 
represent hydrogen atom. 

[0040] The dihydropyridine derivatives (1 ) of the present invention can be produced by processes described below^ 
[0041] For example, dihydropyridine derivatives (1-2) wherein B is caiboxyl group general formula (3) wherein R 
represents hydrogen atom. C and E are each methyl group and D is hydrogen atom can be produced as follows: 



f 
X 1 



o o XI 



25 



o^h ° u o 6 

(24) (25) < 26 > 




[0042] Namely, a compound (26) obtained by Knoevenagel reaction of an aldehyde (24) and an acetoacetamide 
(25) is reacted with 2-cyanoethyl 3-aminocrotonate (27) to obtain a compound (28). which is then treated with a base 
such as sodium hydroxide to obtain a dihydropyridine derivative (1 -2) of the present invention. Further, the compound 
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(28) can be obtained also by directly reacting the aldehyde (24) with the acetoacetamide (25) and 2-cyanoethyl 3-ami- 
nocrotonate (27). 

[0043] Further, dihydropyridine derivatives (1-2) can be obtained as follows: 
A A 
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15 



20 



25 



30 



O^H ° ° ° S 

(24) (29) (30) 

uJi A * X 1 catalytic reduction 

^ 9 | 9 or the like 

< 27) - NC ^oWo-Ph _ 



NC, — q 



H 
(31) 

O f O F-Y-NH o f O 

H condensing agent N G 

(32) (34) 




45 



[0044] Namely, a compound (30) is obtained by Knoevenagel reaction of an aldehyde (24) and benzyl acetoacetate 
(29) This compound is reacted with 2-cyanoethyl 3-aminocrotonate (27) to obtain a dihydropyridine derivative (31). 
which is then converted into a compound (32) by, for example, the catalytic reduction. The compound (32) is condensed 
with an amine (33) to obtain an amide derivative (34), which is treated with a base such as sodium hydroxide to obtain 
a dihydropyridine derivative (1-2) of the present invention. Further, dihydropyridine derivatives (1-3). wherein B is an 
ester group of general formula (3) wherein R 6 is a substituent other than hydrogen atom, C and E are each methyl 
group, and D is hydrogen atom, can be produced as follows: 
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is [0045] Namely, the dihydropyridine derivative (1 -2) synthesized by the above-described method is reacted with an 
alcohol (35) to obtain a dihydropyridine derivative (1 -3) of the present invention. 

[0046] Dihydropyridine derivatives (1 -4) of the above formula wherein B is a substituted carbamoyl group of general 
formula (4), C and E each represent methyl group, and D is hydrogen atom can be obtained as follows: 




35 



40 



[0047] Namely, the dihydropyridine derivative (1 -2) synthesized by the above-described method is condensed with 
a substituted amine (36) to obtain a dihydropyridine derivative (1 -4) of the present invention. 

[0048] Dihydropyridine derivatives (1 -5) of the above formula wherein B is a cyano group. C and E each represent 
methyl group, and D is hydrogen atom can be obtained as follows: 



45 



50 



55 
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(24) (25) (26) 
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(37) NC 
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[0049]. Namely, a dihydropyridine derivative (1 -5) of the present invention can be produced by reacting a compound 
(26) [obtained by Knoevenagel reaction of an aldehyde (24) and an acetoacetamide (25)] with 3-aminocrotonitrile (37). 
[0050] When the acetoacetamides (25) used as the starting material are not well-known, they can be produced by. 
for example, the following method: 

I . _ (38) N Y — F 



HN — Y — F Y\ 

base 00 
(33) (25) 



[0051] For example, the acetoacetamides (25) can be obtained by heating an amine (33) and a diketene (38) with 
a suitable base. 

[0052] Dihydropyridine derivatives (1-6) wherein B is carboxyl group [general formula (3) wherein R 6 is hydrogen 
atom], C is methyl group and D is hydrogen atom can be produced as follows: 
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(1-6) 



[0053] Namely. Meldrum's acid (39) is reacted with an acyl chloride (40) in the presence of a suitable base to obtain 
a compound (41), which is then reacted with benzyl alcohol (42) to obtain a benzyl acylacetate (43). This ester (43) is 
then subjected to Knoevenagel reaction with an aldehyde (24) to obtain a compound (44). which is reacted with 2-cya- 
noethyl 3-aminocrotonate (27) to obtain a dihydropyridine derivative (45). This compound is converted into a compound 
(46) by. for example, the catalytic reduction. The compound (46) is condensed with an amine (33) to obtain an amide 
derivative (47), which is treated with a base such as sodium hydroxide to obtain a dihydropyridine derivative (1-6) of the 
present invention. 



EP 1 043 314 A1 



[0054] The benzyl acylacetate (43) used in the above-described process can be obtained also by transesterifying 
a methyl acylacetate (48) with benzyl alcohol (42). 



OMe 



Ph OH 
(42) 



O^Ph 



O O 
(48) 



O O 



(43) 



[0055] When the compounds of general formula (1) of the present invention can form salts, the salts must be phar- 
maceutically acceptable ones. The salts are ammonium salts, salts with alkali metals such as socfium and potassium, 
salts with alkaline earth metals such as calcium and magnesium, aluminum salts, zinc salts, salts with organic amines 
such as morpholine and piperidine, and salts with basic amino acids such as arginine and lysine. 
[0056] The compounds of general formula (1) or salts thereof can be administered as they are or in the form of var- 
ious medicinal compositions. The forms of the medicinal compositions are. for example, tablets, powders, pills, gran- 
ules, capsules, suppositories, solutions, sugar-coated tablets and depots. They can be prepared with an ordinary 
preparation assistants. 

[0057] For example, tablets can be prepared by mixing the dihydropyridine derivative used as the active ingredient 
of the present invention with a known assistant material such as an inert diluent, e. g. lactose, calcium carbonate or cal- 
cium phosphate; a binder, e. g. acacia, corn starch or gelatin; an excipient. e. g. alginic acid, corn starch or pregelati- 
nized starch; a sweetening agent, e. g. sucrose, lactose or saccharin; a flavoring agent, e. g. peppermint, cherry; and 
magnesium stearate, talc or carboxymethylcellulose. 

[0058] The N-type calcium channel antagonists containing one of the compounds of general formula (1) and salts 
thereof are usable as therapeutic agents for any of encephalopathies caused by the ischemia in the acute phase after 
the onset of cerebral infarction, cerebral hemorrhage (including subarachnoidal bleeding) or the like; progressive neu- 
rodegenerative diseases, e. g. Alzheimer's disease; AIDS related dementia; Parkinson's disease; dementia caused by 
cerebrovascular disorders and ALS; various pains, e. g. neuropathy caused by head injury; sharp pain caused by spinal 
injury, diabetes or thromboangitis obliterans; pain after an operation; migraine and visceral pain; various diseases 
caused by psychogenic stress, e. g. bronchial asthma; unstable angina and hypersensitive colon inflammation; emo- 
tional disorder; and drug addiction withdrawal symptoms, e. g. ethanol addiction withdrawal symptoms. 
[0059] The dosage of the therapeutic agent used for the above-described purpose varies depending on the 
intended therapeutic effect, method of administration, period of therapy, age. body weight, etc. Usually, it is given to 
adults in an amount of 1 ug to 5 g / day in the oral administration, and 0.01 \xq to 1 g / day in the parenteral administra- 
tion. 

[0060] The following Examples will further illustrate the preferred embodiments ol the present invention, which by 
no means limit the invention. 

Example 1 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(3-phenyl-2-propene-1 -yl carbamoyl) -1 ,4-dihydropyridine-3- 
carboxylic acid: 

1) Synthesis of 3-oxo-N-(3-phenyl-2-propene-1-yl) butyramide: 

[0061] 3.06 g (23.0 mmol) of cinnamylamine, 2.32 ml (30.1 mmol) of ketene dimer and 0.321 ml (2.30 mmol) of tri- 
ethylamine were heated at 70°C under stirring in 23 ml of toluene for 3 hours. A saturated aqueous sodium hydrogen- 
carbonate solution was added to the reaction mixture. After the extraction with ethyl acetate, the organic layer was dried 
over anhydrous sodium sulfate and then concentrated under reduced pressure to obtain the title compound. 

Yield: 5.08 mg (23.4 mmol) (100 %) 
MS (ESI, m/z) 216 (M-H)- 

1 H-NMR (CDCI 3 ) : 2.29 (3H, s), 3.47 (2H, s). 4.07 (2H, t), 6.20 (1H, dt), 6.54 (1H, d). 7.15-7.40 (5H. m) 
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2) Synthesis of 2-acetyl-3-(3-chlorophenyl)-N-(3-phenyl-2-propene-1-yl)aaylamide: 

F00621 652 mg (3.00 mmd) of 3-oxo-N- (3-phenyl-2-prop e ne-1-yl)butyramide, 0.340 ml (3.00 mmol) of 3-cNoroben- 
zaSdehvde and 0.030 ml (0.30 mmol) of piperidine were heated under reflux in 25 ml of benzene overnigh while water 
wtstmovS Benzene was evaporated under reduced pressure. The residue was purified by the s.hca gel chromatog- 
raphy (hexane / ethyl acetate = 2/1) to obtain the title compound. 

Yield: 379 mg (1.12 mmol) (37 %) 

^H S NMR(CDC?^ 0 £££h. s). 4.13-4.19 (2H, m). 5.01 (1H. s). 5.90(1H, t). 6.13 (1H. dt). 6.50 (1H. d). 7.22-7.55 
(9H. m) 

3) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2.6-dimethyl-5-(3-phenyl-2-propene-1-ylcarbamoyl)-1.4-dihydropyrid- 
ine-3-carboxylate: 

r00631 1 93 mg (0.568 mmol) of 2-acetyl-3-(3-cNorophenyl)-N-(3-phenyl-2-propene-1 -yl)acrylamide and 87.6 mg 
0 568 mmol) of 2-cyanoethyl 3-aminocrotonate were heated at 70"C under stirring in 2.8 ml of 2-propanol overnight. 2- 
Propanol Ws evaporated under reduced pressure. The residue was purified by the silica gel chromatography (hexane 
/ ethyl acetate = 1/2) to obtain the title compound. 

Yield: 85.0 mg (0.179 mmol) (32 %) 

nf-NMR (CDct^ s). 2.30 (3H. s). 2.60 (2H. t). 3.90-4.00(2H. m). 4.15-4.30 (2H. m). 4.77 (1H. s), 5.55 

(1H, t). 6.00 (1H, bs). 6.04 (1H. dt). 6.27 (1H. d). 7.12-7.32 (9H. m) 

4) Synthesis of 4-(3-chlorophenyl)-2,6Klimethyl-5-(3-phenyl-2-propene-1 -ylcarbamoyl)-1 .4-d.hydropyrKline-3-carboxy- 
late: 

[00641 85.0 mg (0.179 mmol) of 2-cyanoethyl 4-(3-chloropheny0-2,6-dimethyl-5-(3-phenyl^-propene-1^car- 
so S)-l.4Xdriyridine-3-c^oxylate was dissolved in 3.6 ml of methanol. 0.358 ml of 1 N aqueous sodium 
Se solution was added to the obtained solution, and they were slirred at room temperature for 2.5 hou£ a IN 
hSSorfc acid was added to the reaction mixture, and methanol was evaporated under reduced pressure After tte 
exSon with ethyl acetate, the organic layer was dried over anhydrous sodium ^ and ^en^ 
reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 1/2) to obta.n the 
35 title compound. 

Yield: 38.9 mg (0.092 mmol) (51 %) 

SS'jScS 1 : 2 M 31 H (6H. 4. 3-92-4.02 (2H. m). 4.78 (1H. S). 5.54(1H. t). 5.70 (1H. S). 6.07 (1H. dt). 6.28 (1H. 
40 d), 7.14-7.31 (9H, m) 

Example 2 Synthesis of methyl 2.6-dimethyl-4-(3-nitrophenyl)-5-(3-phenyl-2-propene-1-ylca*amoyl)-1.4-dihydropyrid- 
ine-3-carboxylate: 

45 1) Synthesis of 2-acetyl-3-(3-nitrophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide: 

[0065] The title compound was obtained from 652 mg (3.00 mmol) of 3-oxo-N.(3-phenyl^propene-1 -yl)butyramide 
and 454 mg (3.00 mmol) of 3-nitrobenzaldehyde in the same manner as that of Example 1 -2). 
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Yield: 345 mg (0.984 mmol) (33%) , jx ^„ ^ 7 r nMU 

1H NMR (CDCI 3 ): : 2.50 (3K s), 4.14-4.21 (2H, m). 6.09-6.20 (2H, m), 6.52 (1H, d), 7.27-7.33 (5H, m). 7.50 (1H, 

t), 7.57 (1H, s). 7.87 (1H, d), 8.21 (1H, d). 8.41 (1H, s) 

2) Synthesis of methyl 2, 6<Jimethyl-4-(3-n^^ 
55 carboxylate: 

[0066] The title compound was obtained from 173 mg (0.492 mmol) of 2-acetyl-3-(3-nitrophenyl)^ 
propene-1 -yl)acrylamide and 56.6 mg (0.492 mmol) of methyl 3-aminocrotonate in the same manner as that of Example 
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1-3). 

Yield: 138 mg (0.309 mmol) (63 %) 

1 H-NMR (CDCI 3 ) : 2.26 (3H, s), 2.32 (3H, s), 3.64 (3H, s), 3.98 (2H. t),4.96 (1H, s), 5.56 (1H, t), 6.00 (1H. bs), 6.06 
(1H, dt). 6.33 (1H, d), 7.20-7.35 (5H, m), 7.39 (1H, t). 7.65 (1H, d), 8.00 (1H, d). 8.14 (1H, 2) 

Example 3 Synthesis of 2-methoxyethyl 2,6-dimethyl-4-(3-nitrophenyl)-5-(3-phenyl-2-propene-1 -ylcarbamoyl)-1 ,4-dihy- 
dropyridine-3-cart>oxylate: 

[0067] The title compound was obtained from 173 mg (0.492 mmol) of 2-acetyl-3-(3-nitrophenyl)-N-(3-phenyl-2- 
propene-l-yl)acrylamide and 78.3 mg (0.492 mmol) of 2-methoxyethyl 3-aminocrotonate in the same manner as that of 
Example 1-3). 

Yield: 157 mg (0.318 mmol) (65%) 

1 H-NMR (CDCI3) : 2.25 (3H, s), 2.31 (3H. s), 3.30 (3H f s), 3.50-3.55(2H, m), 3.97 (2H, t), 4.09-4.25 (2H, m), 4.98 
(1H, s), 5.63 (1H. t), 6.07 (1H, dt) , 6.10 (1H, bs). 6.32 (1H, d), 7.18-7.32 (5H. m), 7.37 (1H, t). 7.68 (1H, d), 8.00 
(1H f d),8.14(1H, s) 

Example 4 Synthesis of 2,6-dimethyl-4-(3-nitrophenyl)-5-(3-phenyl-2-propene-1-ylcarbamoyl)-1 ,4-dihydropyridine-3- 
carboxyle acid 

1) Synthesis of 2-acetyl-3-(3-nitrophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide: 

[0068] 1 .03 g (4.74 mmol) of 3-oxo-N-(3-phenyl-2-propene-1-yl)butyramide t 723 mg (4.78 mmol) of 3-nitrobenzal- 
dehyde and 0.2 ml (2.02 mmol) of piperidine were heated under reflux in the presence of a catalytic amount of p-tolue- 
nesulfonic acid in 30 ml of benzene overnight while water was removed. Ethyl acetate was added to the reaction 
mixture. After washing with 2 N hydrochloric acid and then with a saturated aqueous sodium hydrogencarbonate solu- 
tion, the organic layer was dried over anhydrous sodium sulfate. After the concentration under reduced pressure, the 
residue was purified by the silica gel chromatography (hexane / ethyl acetate = 2/1) to obtain the title compound. 

Yield: 398 mg (1.14 mmol) (24.0 %) 

1 H-NMR (CDCI3): 2.50 (3H, s). 4.14-4.21 (2H, m), 6.08-6.20 (2H, m), 6.52 (1 H. d), 7.22-7.34 (5H, m). 7.50 (1H,t). 
7.57 (1 H, s), 7.89 (1 H, d), 8.20 (1 H, d), 8.40 (1 H f s) 

2) Synthesis of 2-cyanoethyl 2,6-dimethyl-4-(3-nitrophenyl)-5-(3-phenyl-2-propene-1 -ylcarbamoyl)-1 . 4-dihydropyridine- 
3-carboxylate: 

[0069] "me title compound was obtained from 388 mg (1 . 1 1 mmol) of 2-acetyl-3-(3-nitropheny1)-N-(3-phenyl-2-pro- 
pene-1 -yl)acrylamide and 174 mg (1 .13 mmol) of 2-cyanoethyl 3-aminocrotonate in the same manner as that of Exam- 
ple 1-3). 

Yield: 290 mg (0.60 mmol) (54.2 %) 
MS (ESI, m/z) 487 (M+H) + 

1 H-NMR (CDCI3) : 2.27 (3H, s), 2.37 (3H, s), 2.65 (2H, t), 3.96-4.04 (2H, m), 4.20-4.34 (2H, m), 4.96 (1H. s). 5.52 
(1H. t), 5.78 (1H, bs). 6.07 (1H, dt), 6.35 (1H, d). 7.20-7.34 (5H, m), 7.41 (1H,t), 7.68 (1H, d). 8.04 (1H, d), 8.13 
(1H.s) 

3) Synthesis of 2,6-dimethyl-4-(3-nitrophenyl)-5-(3-phenyl-2-propene-1 -ylcarbamoyl)-1 ,4-dihydropyridine-3-carboxy- 
late: 

[0070] 254 mg (0.52 mmol) of 2-cyanoethyl 2,6-dimethyl-4-(3-nitrophenyl)-5-(3-phenyl-2-propene-1-ylcarbamoyl)- 
1 ,4-dihydropyridine-3-carboxylate was dissolved in 20 mi of methanol. 1 ml of 1 N aqueous sodium hydroxide solution 
was added to the obtained solution, and they were stirred at room temperature for 7 hours. 2 N hydrochloric acid was 
added to the reaction mixture, and methanol was evaporated under reduced pressure. Water was added to the residue, 
and precipitates thus formed were taken by the filtration. After washing with water and then with hexane / ethyl acetate 
3:1), the product was dried under reduced pressure to obtain the title compound. 

Yield: 165 mg (0.38 mmol) (73.2 %) 
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MS (ESI. m/z) 432 (M-H)* 

1 H-NMR (DMSO<J 6 ) : 2.08 (3H, s), 2.25 (3H, s). 3.76-3.88 (2H, m), 4.99 (1H, s), 6.12 (1H, dt), 6.23 (1H, d), 7.18- 
7.34 (5H ( m), 7.52 (1H,t), 7.60-7.66 (1H, m). 7.87 (1H, t). 7.97-8.06 (2H, m), 8.43 (1H,s) 

Example 5 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-nitro-1 ,4-dihydropyridine-3-carboxyljc acid (3-phenyl-2-pro- 
pene-1-yl)amide: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-nitro-1,4-dihydropyridine-3-carboxylate: 

[0071] The title compound was obtained from 526 mg (5.10 mmol) of nitroacetone, 0.58 ml (5.12 mmoi) of 3-chlo- 
robenzaldehyde and 788 mg (5.11 mmol) of 2-cyanoethyl 3-aminocrotonate in the same manner as that of Example 1 - 

3). 

Yield: 1.251 g (3.46 mmol) (67.8 %) 
MS (ESI, m/z) 360 (M-H)" 

1 H-NMR (CDCI 3 ) : 2.42 (3H, s). 2.55 (3H f s). 2.63 (2H, t), 4.24-4.34 (2H, m), 5.37 (1H. s), 5.95 (1H, s) f 7.17-7.27 
(4H, m) 

2) Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-nitro-1.4-dihydropyridine-3-carboxylic acid: 

[0072] The title compound was obtained from 1 98 mg (0.55 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl- 
5-nitro-1,4-dihydropyridine-3-caiboxylate in the same manner as that of Example 4-3). 

Yield: 98 mg (0.32 mmol) (58.0 %) 
MS (ESI, m/z) 307 (M-H)* 

1 H-NMR (DMSO-d 6 ) : 2.29 (6H. s). 5.23 (1H, s). 7.13-7.34 (4H. m). 9.58 (1H, s) 

3) Synthesis of 4-(3-chlorohenyl)-2,6-dimethyl-5-nitro-1 .4-dihydropyridine-3-carboxylic acid (3-phenyl-2-propene-:1 - 
yl)amide: 

[0073] 93 mg (0.30 mmol) of 4-(3-chlorophenyl)-2 f 6-dimethyl-5-nitro-1 ,4<Jihydropyridine-3-carboxylic acid, 1 00 mg 
(0 75 mmol) of cinnamylamine, 138 mg (0.54 mmol) of 2-chloro-1 -methylpyridiniuin iodide and 0.15 ml (1.08 mmol) of 
triethylamine were stirred in 5 ml of DMF at room temperature for 2 days. DMF was evaporated under reduced pressure. 
Ethyl acetate was added to the reaction mixture. After washing with 1 N hydrochloric acid, the organic layer was dried 
over anhydrous sodium sulfate. After the concentration under reduced pressure, the residue was purified by the silica 
gel chromatography (hexane / ethyl acetate - 4/1) to obtain the title compound. 

Yield: 67 mg (0.16 mmol) (52.2 %) 
MS (ESI. m/z) 422 (M-H)* 

1 H-NMR (CDCI3): 2.27 (3H, s). 2.53 (3H, s). 3.90-4.06 (2H, m). 5.24 (1 H, S), 5.49 (1 H, m), 6.03 (1 H. dt), 6.13 (1 H. 
s), 6.29 (1H, d), 7.18-7.32 (9H. m) 

Example 6 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-1 l 4- dihydropyridine-3,5-dicarboxyiic acid 3- ((2-methoxye- 
thyl)amide) 5-((3-phenyl-2-propene-1 -yl)amide) : 

[0074] 245 mg (0.58 mmol) of 4-(3-chlorophenyl)-2,6-di methyl -5- (3-phenyl- 2-propene-1-ylcarbamoyl)-1,4-dihy- 
dropyridine-3-carboxylic acid, 0.06 ml (0.69 mmol) of 2-methoxyethylamine, 137 mg (0.71 mmol) of 1-(3-dimethylami- 
nopropyl)-3-ethylcarbodiimide hydrochloride and 10 mg (0.08 mmol) of 4-dimethylaminopyridine were stirred in ,12 ml 
of dichloromethane at room temperature for two days. Water was added to the reaction mixture. After washing with 
dichloromethane, the organic layer was dried over anhydrous sodium sulfate. After the concentration under reduced 
pressure, the residue was purified by HPLC (water / acetonitrile) to obtain the title compound. 

Yield: 143 mg (0.30 mmol) (51.4 %) 

MS (ESI. m/z) 478 (M-H)* , , „ u 

1 H-NMR (CDCI3) : 2.18 (3H. s). 2.22 (3H s). 3.24 (3H, s). 3.26-3.42 (4H. m), 3.94-4.02 (2H. m), 4.71 (1H. s), 5.21 
(1H, s), 5.41 (1H, m), 5.68 (1H, m), 6.04 (1H, dt), 6.29 (1H, d), 7.16-7.30 (9H, m) 
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Example 7 Synthesis of 4-(3-chlorophenyl)-2,6<Jimethox^ -ylcarbamoyl)-1 .4- 

dihydropyridine-5-carboxylic acid: 

1) Synthesis of benzyl 4, 4-dimethoxy-3-oxobutyrate: 

[0075] 2.68 g (14.1 mmol) of ethyl 4,4-dimethoxy-3-oxobutyrate. 3.62 ml (34.9 mmo!) of benzyl alcohol and 244 mg 
(2.0 mmol) of 4-dimethylaminopyridine were heated under reflux in 40 ml of toluene for three nights. A phosphate buffer 
solution was added to the obtained reaction solution. After the extraction with ethyl acetate, the organic layer was 
washed with a saturated aqueous salt solution and then dried over anhydrous sodium sulfate. The solvent was evapo- 
rated under reduced pressure, and the residue was purified by the silica gel chromatography (hexane / ethyl acetate = 
9:1) to obtain the title compound. 

Yield: 2.90 g (11.5 mmol) (81 %) 

1 H-NMR (CDCI 3 ) : 3.36 (6H, s). 3.61 (2H, s). 4.54 (1H, s), 5.16 (2H, s) 7.28-7.36 (5H, m) 

2) Synthesis of 5-(2-cyanoethyl) 3-benzyl 4-(3-chlorophenyl)-2-dimethoxymethyl-6-methyl-1,4<lihydropyridine-3,5- 
dicarboxylate: 

[0076] 3.84 g (7.52 mmol) of benzyl 4,4-dimethoxy-3-oxobutyrate, 1.30 ml (11.5 mmol) of 3-chlorobenzaldehyde 
and 0.1 14 ml of piperidine were heated under reflux in 1 1 .5 ml of benzene overnight while water was removed. The 
reaction solution was washed with water and then dried over anhydrous magnesium sulfate. The solvent was evapo- 
rated under reduced pressure. The residue thus obtained and 1.77 g (11.5 mmol) of 2-cyanoethyl 3-aminocrotonate 
were heated at 70°C under stirring in 57.5 ml of 2-propanol overnight. The reaction mixture was then heated at 120°C 
under stirring under atmospheric pressure for 4 hours while 2-propanol was evaporated. The residue was purified by 
the silica gel chromatography (hexane / ethyl acetate = 2/1) to obtain the title compound. 

Yield: 3.84 g (7.52 mmol) (65 %) 
MS (ESI, m/z) 533 (M+Na) + 

1 H-NMR(CDCI 3 ): 2.37 (3H,s), 2.60 (2H,t), 3.41 (3 H, s), 3.42 (3 H, s) 4.17-4.31 (2H,m),5.01 (1H, s). 5.06 (1H. d), 
5.15(1H, d), 6.02 (1H. s). 6.81 (1H. bs), 7.10-7.35 (9H, m) 

3) Synthesis of 5- (2-cyanoethyl) 4-(3 -chlorophenyl)-2<limethoxyme^ 
late: 

[0077] 3.84 g (7.52 mmol) of 5-(2-cyanoethyl) 3-benzyl 4-(3-chlorophenyl)-2-dimethoxymethyl-6-methyl-1,4-dihy- 
dropyridine-3,5-<iicarboxylate was dissolved in 37.6 ml of ethyl acetate. 107 mg of 10 % palladium/carbon was added 
to the obtained solution, and they were stirred at room temperature for three nights. The insoluble matter was filtered 
off, and the solvent was evaporated under reduced pressure. The residue was purified by the silica gel chromatography 
(ethyl acetate) to obtain the title compound. 

Yield: 2.37 g (5.63 mmol) (75 %) 
MS (ESI, m/z) 419 (M-H)" 

1 H-NMR (DMSO-d 6 ) : 2.34 (3H, s), 2.81-2.88 (2H t m), 4.16 (2H, t). 44 (1H, s), 6.09 (1H, bs), 7.15-7.28 (4H, m). 
8.54(1H,bs) 

4) Synthesis of 5- (2-cyanoethyl) 4- (3 -chlorophenyl)-2-dimethoxymethyl-6-methyl-3-(3 -phenyl -2-propene-1 -ylcar- 
bamoyl)-1 ,4-dihydropyridine-5-carboxylate: 

[0078] The title compound was obtained from 1 .59 g (3.77 mmol) of 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-dimeth- 
oxymethyl-6-methyl-1,4-dihydropyridine-3,5-dicarboxylate and 628 mg (4.71 mmol) of cinnamylamine in the same man- 
ner as that of Example 5-3). 

Yield: 1 .32 g (2.47 mmol) 65 % 
MS (ESI, m/z) 558 (M+Na) + 

1 H-NMR (CDCI3) : 2.39 (3H, s). 2.61 (2H, t). 3.36 (3H, s), 3.46 (3H. s) 3.97-4.04 (2H. m). 4.20-4.32 (2H. m), 5.01 
(1H, s), 5.56 (1H, s), 6.08 (1H, dt). 6.33 (1H, bs), 6.34 (1H, d), 6.55 (1H, s), 7.11-7.31 (9H, m) 
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5) Synthesis of 4-(3-chlorophenyl)-2<iimethoxymethyl-6-methyl-3-(3-phenyl-2-propene-1-ylcart)amoyl)-1 .4-dihydropy- 
ridine-5-carboxylic acid: 

[0079] 134 mg (1.16 mmol) of 5-(2-cyanoethy|) 4-(3-chlorophenyl)-2-dimethoxymethyl-6-methyl-3-(3-phenyl-2-pro- 
pene-1-ylcarbamoyl)-1,4-dihydropyridine-5-carboxylate was dissolved in 2.5 ml of methanol. 0.25 ml of 1 N aqueous 
sodium hydroxide solution was added to the obtained solution, and they were stirred at room temperature tor 3 hours. 
An aqueous potassium hydrogensulfate solution was added to the reaction mixture. After the solvent was evaporated 
under reduced pressure, the residue was washed with water and then dried under reduced pressure to obtain the tiUe 
compound. 

Yield: 68 mg (0.141 mmol) 56 % 

^-ScDMSoieT: 2^28 (3H. S), 3.28 (3H. s). 3.32 (3H. s). 3.76-3.94 (2H, m), 4.90 (1H. s), 5.57 (1H. S). 6.17 
(1H. dt). 6.32 (1H, d), 7.09-7.33 (9H. m), 8.02 (1H, bs) 

Example 8 Synthesis of 4-(3-chlorophenyl)-2.6-dimethyl-5-(methyl-(3-phenyl-2-propene-1-yl)carbamoyl)-1 ,4-dihydro- 
pyridine-3-carboxylic acid: 

1) Synthesis of N-methyl-3-oxo-N-(3-phenyl-2-propene-1-yl)butyramide: 

[0080] 0.736 g (5.0 mmol) of methyl-(3-phenyl-2-propene-1 -yl)amine. 0.386 ml (5.0 mmol) of ketene dimer and 0.07 
ml (0 50 mmol) of triethylamine were heated at 70°C under stirring in 5 ml of toluene overnight. A saturated aqueous 
sodium hydrogencaibonate solution was added to the reaction mixture. After the extraction with ethyl acetate, the 
organic layer was dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure, and the 
residue was purified by the thin-layer silica gel chromatography (ethyl acetate) to obtain the title compound. 

Yield: 306 mg (1 .32 mmol) (26 %) 

H^NMR (CDCI3) ^ 2J27 (3H, s). 2.98 (3H, s), 3.57 (2H. s). 4.03 (1 H. d) 4.16 (1H. d). 6.21 (1 H. dt). 6.50 (1 H. d). 7.20- 
7.40 (5H. m) 

2) Synthesis of 2.cyanoethyl 4-(3-chlorophenyl)-2.6-dimemyl-5-(methyl-(3-phenyl-2-propene-1-y0caTbamoyl)-1.4-dihy- 
dropyridine-3-caiboxylate: 

[0081] 306 mg (1 .32 mmol) of N-methyl-3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide. 0.150 ml (1 .32 mmol) of 3- 
chlorobenzaldehyde and 0.013 ml (0.132 mmol) of piperidine were heated under reflux overnight while water was 
removed After washing with water, the organic layer was dried over anhydrous magnesium sulfate and then the solvent 
was evaporated under reduced pressure. The residue and 204 mg (1 .32 mmol) of 2-cyanoethyl 3-aminocrotonate were 
heated at 85°C under stirring in 6.6 ml of 2-propanol overnight The reaction mixture was further heated at 120°C under 
stirring under atmospheric pressure for 3 hours while 2-propanol was evaporated. The residue was purified by the high- 
performance liquid chromatography to obtain the title compound. 

Yield: 224 mg (0.456 mmol) (35 %) 

MS (ESI, m/z) 490 (M+H) + .. , _ 

1 H-NMR (CDCI3): 1 .75(3H. s). 2.30-2.90 (8H, m). 3.88-4.30 (4H, m), 4.85 (1 H, s). 5.97-6.47 (3H. m), 7.03-7.40 (9H, 

m) 

3) Synthesis of 4-(3-chlorophenyl)-2.6-dimethyl-5-(methyl-(3-phenyl-2-propene-1 -yl)carbamoyl)-1 ,4-dihydropyridine-3- 
carboxylic acid: 

[0082] 224 mg (0.456 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-2.6-dimethyl-5-(methyl-(3-phenyl-2-propene-1- 
yl)carbamoyl)-1 4-dihydropyridine-3-carboxylate was dissolved in 4.6 ml of methanol. 0.456 ml of 1 N aqueous sodium 
hydroxide solution was added to the obtained solution, and they were stirred at room temperature overnight. An aque- 
ous potassium hydrogensulfate solution was added to the reaction mixture. Methanol was evaporated under reduced 
pressure After the extraction with ethyl acetate, the organic layer was dried over anhydrous sodium sulfate and then 
concentrated under reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl ace- 
tate = 5/1) to obtain the title compound. 



EP 1 043 314 A1 



Yield: 109.4 mg (0.250 mmol) (55 %) 
MS (ESI, nVz) 435 (M-H)* 

1 H-NMR (d 6 -DMSO) : 1.72 (3H, s), 2.27 (3H, s), 2.50 (3H, s), 3.82-3.97 (2H, m), 4.64 (1H, s). 5.98-6.46 (2H, m). 
7.00-7.40 (9H, m), 8.29 (1H, bs) 

Example 9 Synthesis of 4-(3-chlorophenyi)-2-methyi-5-oxo -1 ,4,5,7-tetrahydro [3,4-b]pyridine-3-carboxylic acid (3-phe- 
nyl-2-propene-1 -yl)amide: 

1) Synthesis of ethyl 2- acetoxymethyl-4-(3-chlorophenyl)-6-methyl-5-(3iDhenyl-2-propene-1-ylcarbamoyl)-1 ,4-dihydro- 
pyridine-3-carboxylate: 

[0083] 652 mg (3.00 mmol) of 3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide, 0.51 0 ml (3.00 mmol) of 3-chloroben- 
zaldehyde and 0.045 ml (0.30 mmol) of piperidine were heated under reflux in 37.5 ml of benzene overnight while water 
was removed. The reaction solution was washed with water and then dried over anhydrous magnesium sulfate. The sol- 
vent was evaporated under reduced pressure. The residue thus obtained, 564 mg (3.0 mmol) of ethyl 4-acetoxy-3- 
oxobutyrate and 278 mg (3.6 mmol) of ammonium acetate were heated at 80°C under stirring in 1 5 ml of 2-propanol for 
four nights. The reaction mixture was then heated at 1 20 °C under stirring under atmospheric pressure for 4 hours while 

2- propanol was evaporated. The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 1/2) to 
obtain the title compound. 

Yield: 272 mg (0.535 mmol) (1 8 %) 
MS (ESI, m/z) 509 (M+H) + 

1 H-NMR (CDCI 3 ) : 1.23 (3H, t), 2.24 (3H, s), 2.26 (3H. s), 3.90-4.15 (4H, m). 4.83 (1H, s). 5.28 (1H. d). 5.32 (1H, 
d), 5.59 (1H. bt). 6.04 (1H, dt). 6.25 (1H, d), 6.60 (1H t bs). 7.10-7.40 (9H, m) 

2) Synthesis of 4-(3-chlorophenyl)-2-methyl-5-oxo-1,4,5.7-tetrahydro [3.4-b]pyridine-3-carboxylic acid (3-phenyl-2-pro- 
pene-1-yl)amide: 

[0084] 272 mg (0.535 mmol) of ethyl 2-acetoxymethyl-4-(3-chlorophenyl-6-m ethyl -5-(3-phenyl-2-propene-1 -ylcar- 
bamoyl)-1,4-dihydropyridine-3-carboxylate was dissolved in 5.4 ml of methanol. 0.535 ml of 2 N aqueous sodium 
hydroxide solution was added to the obtained solution, and they were stirred at room temperature overnight. An aque- 
ous potassium hydrogensuHate solution was added to the reaction mixture, and methanol was evaporated under 
reduced pressure. After the extraction with ethyl acetate, the organic layer was dried over anhydrous sodium sulfate and 
then concentrated under reduced pressure. The residue was washed with methanol and dried under reduced pressure 
to obtain the title compound. 

Yield: 35.8 mg (0.851 mmol) (16 %). 
MS (ESI. m/z) 419 (M-H)- 

1 H-NMR (d 6 -DMSO) : 2.05 (3H, s). 3.79 (2H, bt). 4.76 (1H, d), 4.86 (1H, d), 4.89 (1H, s), 6.01 (1H, dt). 6.13 (1H, 
d), 7.15-7.35 (9H. m), 8.02 (1H. bt), 9.32 (1H. bs) 

Example 10 Synthesis of 4-(3-cyanophenyl)-2,6KJimethyl-5-(3^ 

3- carboxylic acid: 

1) Synthesis of 2-cyanoethyl 4-(3-cyanophenyl)-2,6-dimethyl-5-(3-pheny»-2-propene-1 -ylcarbamoyl)-1 ,4-dihydropyrid- 
ine-3-carboxylate: 

[0085] 541 mg (2.49 mmol) of 3-oxo-N-(3-phenyl-2-propene-1-yl)butyramide, 328 mg (2.50 mmol) of 3-cyanoben- 
zaldehyde and 0.2 ml (2.02 mmol) of piperidine were heated under reflux in the presence of a catalytic amount of p- 
toluene Sulfonic acid in 30 ml of benzene overnight while water was removed. Ethyl acetate was added to the reaction 
mixture, which was washed with 2 N hydrochloric acid and then with a saturated aqueous sodium hydrogencarbonate 
solution. The organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure to 
obtain 2-acetyl-3-(3-cyanophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide. This product was heated together with 387 
mg (2.5 1 mmol) of 2-cyanoethyl 3-aminocrotonate at 80°C under stirring in 20 ml of 2-propanol for four days. 2-Propa- 
nol was evaporated under reduced pressure. The residue was purified by the silica gel chromatography (chloroform / 
methanol = 100/1) to obtain the title compound. 

Yield: 290 mg (0.62 mmol) (24.9 %) 
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MS (ESI, m/z) 467 (M+H) + x 
1 H-NMR (CDCI3): 2.26 (3H. s). 2.36 (3H. s). 2.60-2.67 (2H. m). 3.94-4.04 (2H. m). 4.22-4.30 (2H, m), 4.87 (1 H. s), 
5.49 (1H, t). 5.76 (1H, s), 6.07 (1H, dt), 6.34 (1 H. d), 7.20-7.61 (9H, m) 

2) Synthesis of 4-(3-cyanophenyl)-2.6-dimethyl-5-(3-phenyl-2-propene-1-ylcaibamoyl)-1 .4-dihydropyridine-3-carboxy- 
lic acid: 

[0086] The title compound was obtained from 284 mg (0.61 mmol) of 2-cyanoethyl 4-(3-cyanop^enyl)-2.6<Jimethyl- 
5-(3-phenyl-2-prcpene-1 -ylcarbamoyl)-1 .4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3) . 

Yield: 71 mg (0.17 mmol) (28.2 %). 

^-H^USolT'^ZH. S). 2.24 (3H. S). 3.83 (2H. t). 4.91 (1 H, S). 6.12 (1H. dt). 6.22 (1H. d). 7.18-7.62 (9H. 
m),7.84(1H,t), 8.37 (1H,s) 

Example 1 1 Synthesis of 4-(3-chlorophenyl)-2.6-dimethyl-5-(3-phenylpropylcarbamoy0-1 ,4-dihydropyridine-3-carboxy- 
lic acid: 

1) Synthesis of mono(2-cyanoethyl) 4- (3 -chlorophenyl)-2.6^imethyl-1 .4-dihydropyridine-3.5-dicarboxylate: 

[00871 3.53 g (22.9 mmol) of 2-cyanoethyl 3-aminocrotonate. 4.40 g (22.9 mmol) of benzyl acetoacetate and 2.60 
ml (23 0 mmoO ol 3-ch.orobenzaldehyde were heated at 80-C under stirring in 100 rri * ' ^2-Pro- 
oanol was evaporated under reduced pressure to obtain 5-benzyl 3-(cyanoethyl) 4-(3-chlorophenyl)-2,6-d.m^hyl-1 4- 
Sdro?yriaS ^cLoxylate. 100ml of ethy. acetate and 10 % palladium/carbon were added to the re^cfon m,x- 
25 fure anS they were stirred at room temperature in hydrogen atmosphere under atmosphenc P r ^ure for 7 days. The 
reaction liquid was filtered, and the filtrate was evaporated under reduced pressure. The res.due was washed withxhlo- 
roform to obtain the title compound. 

Yield: 4.82 g (13.4 mmol) (58.4 %) 
30 ySIukZuSlT^* OK S). 2.29 (3H. s). 2.79-2.86 (2H. m). 4.15 (2H. t). 4.87 (1H. s). 7.10-7.28 <5H. m). 

8.90 (1H.S) 

2) Synthesis of 2-cyanoethyl 4-(3-chlorophenyQ-2.6-dime1hyl-5^ 
35 boxylate: 

[0088] The title compound was obtained from 357 mg (0.99 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2.6- 
dimethyl-1 .4-dihydropyridine-3,5-dicarboxylate and 0.19 ml (1 .34 mmol) of 3-phenylpropylamine in the same manner as 
that of Example 6. 

Yield: 340 mg (0.71 mmol) (71.9 %). 

^H S -NMR\cD ) Cy^ ( ^ ) 76 (2H. m). 2.23 (3H. s). 2.33 (3H. s). 2.47 (2H.t). 2.64 (2H. t). 3.13-3.30 (2H. m). 4.23- 
4.32 (2H. m). 4.74 (1H. s). 5.33 (1H. t). 5.63 (1H. s). 7.07 (2H. d). 7.16-7.29 (7H. m) 

3) Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(3-ph^ acid: 

[0089] The title compound was obtained from 330 mg (0.69 mmol) of 2-cyanoethyl 4-(3-chlc<ophenyl)-2 6-dimethyl- 
5-(3-phenylpropylcarbamoyl)-1 ,4-dihydropyridine-3^arboxylate in the same manner as that of Example 4-3). , 

Yield: 88 mg (0.21 mmol) (30.0 %) 

} ISmS^S^^M <2H, m). 2.01 <3H. s). 2.24 (3H, s), 2.44 (2H.t), 2.98-3.12 (2H, m). 4.82 (1H, s), 
7.07-7.30 (9H. m). 7.56 (1H.t). 8.26 (1H.S) 
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Example 12 Synthesis of (3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-5-cyano-2,6<Jimethyl-1,4<lihydropyridine-3- 
carboxylate: 

[0090] 540 mg (2.49 mmd) of 3-oxo-N-(3-phenyl-2-propene-1-yl)butyramide, 0.28 ml (2.47 mmol) of 3-chloroben- 
zaldehyde and 0.05 ml (0.51 mmol) of piperidine were heated under reflux in the presence of a catalytic amount of p- 
toluenesulfonic acid in 30 ml of benzene overnight while water was removed. Ethyl acetate was added to the reaction 
mixture. After washing with 2 N hydrochloric acid and then with a saturated aqueous sodium hydrogencarbonate solu- 
tion, the organic layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure to obtain 2- 
acetyl-3-(3-chlorophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide. 

The title compound was obtained from this compound and 212 mg (2.58 mmol) of 3-arninocrotonitrile in the same man- 
ner as that of Example 1 -3). 

Yield: 93 mg (0.23 mmol) (9.3 %). 
MS (ESI, m/z) 404 (M+H)+ 

1 H«NMR (CDCI 3 ) : 2.08 (3H, s), 2.26 (3H, s), 3.88-3.97 (2H, m), 4.47 (1H, s), 5.30 (1H, t). 5.71 (1H, s), 5.97 (1H, 
dt), 6.22 (1H, d), 7.17-7.33 (9H, m) 

Example 13 Synthesis of 4-(3-trifluoromethylphenyl)-2,6-dimethyl-5-[(3-phenyl-2-propene-1-yl)carbamoyI] : 1 ,4-dihydro- 
pyridine-3-carboxylic acid: 

1) Synthesis of 2-acetyl-3-(3-trifluoromethylphenyl)-N-(3-phenyi-2-propene-1-yl)acrylamide: 

[0091] The title compound was obtained from 652 mg (3.00 mmol) of 3-oxo-N-(3-phenyl-2-propene-1-yI)butyramide 
and 522 mg (3.00 mmol) of 3-trifluoromethylbenzaldehyde in the same manner as that of Example 4-1). 

Yield: 453 mg (1.21 mmol) (40.4 %) 
MS (ESI. m/z) 374 (M+H) + 

1 H-NMR (CDCI3): 2.44 (3H. s), 4.10 (2H. t), 6.08 (1H. dt), 6.18 (1H. brt). 6.46 (1H. d), 7.20-7.30 (5H. m). 7.42 (1H. 
t), 7.51 (1H, s). 7.51 (1H, s), 7.60 (1H, d). 7.72-7.76 (2H, m) 

2) Synthesis of 2-cyanoethyl 4-(3-trifboromethylpheny1)-2,6<limeth^ 
dropyridine-3-carboxylate: 

[0092] The title compound was obtained from 453 mg (1.21 mmol) of 2-acetyl-3-(3-chlorophenyl)-N-(3-phenyl-2- 
propene-1-yl)acrylamide and 187 mg (1.21 mmol) of 2-cyanoethyl 3-aminocrotonate in the same manner as that of 
Example 1-3). 

Yield: 197 mg (0.387 mmol) (32.0%) 
MS (ESI, m/z) 508 (M-H)" 

1 H-NMR (CDCI3): 2.21 (3H, s). 2.31 (3H, s), 2.62 (2H, t), 3.86 (1H, br t), 3.95 (2H, t), 4.22 (2H, t), 4.89 (1H, s), 5.59 
(1H, br s), 6.01 (1 H, dt), 6.24-6.31 (1H, m), 7.17-7.57 (9H, m) 

3) Synthesis of 4-(3-trif luoromethylphenyl)-2,6-dimethyl-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyridine-3- 
carboxylic acid: 

[0093] The title compound was obtained from 1 97 mg (0.387 mmol) of 2-cyanoethyl 4-(3-trif luoromethylphenyl)-2,6- 
dimethyl-5-[(3-phenyl-2-propene-1-yl)carbamoyl)]-1,4-dihydropyridine-3-carboxylate in the same manner as that of 
Example 4-3). 

Yield: 160 mg (0.351 mmol) (90.6 %) 
MS (ESI. m/z) 457 (M+H) + 

1 H-NMR (DMSOd 6 ) : 2.08 (3H, s). 2.24 (3H, s), 3.82 (2H, dd), 4.96 (1 H, s), 6.09-6.26 <2H, m), 7.20-7.32 (5H, m), 
7.48 (4H, d), 7.84 (1 H, t), 8.35 (1 H. s) 
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Example 14 Synthesis of 4-(3-bromophenyl)-2,6-dimethyl-5-[(3-phenyl-2-propene-1 -y0carbamoyl]-1 ,4-dihydropyridine- 
3-carboxylic acid: 

1) Synthesis of 2-acetyl- 3-(3-bromophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide: 

5 [0094] The title compound was obtained from 652 mg (3.00 mmol) of 3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide 
and 555 mg (3.00 mmol) of 3-bromobenzaldehyde in the same manner as that of Example 4-1). 

Yield: 552 mg (1.44 mmol) (48.0 %) 

n?-S(OTaJ: 4 2^43 (3H, s), 4.12 (2H. dt). 6.07-6.18 (2H, m), 6.48 (1 H. d). 7.15-7.31 (6H. m). 7.43-7.49 (3H. m), 
7.66 (1H, S) 

2) Synthesis of 2-cyanoethyl 4-(3-bromophenyl)-2.6-dimethyl-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyri- 
is dine-3-carboxylate: 

[0095] The title compound was obtained from 500 mg (1 .30 mmol) of 2- acetyl-3-(3-bromophenyl)-N-(3-phenyl-2- 
propene-1-yl)acrylamide and 201 mg (1.30 mmol) of 2-cyanoethyl 3-aminocrotonate in the same manner as that of 
Example 1-3). 
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Yield: 540 mg (1.04 mmol) (80.0%) 

^H-S(CDcS°2.22 (3H, s). 2.31 (3H, s). 2.61 (2H. t), 3.96 (2H. br s). 4.18-4.30 (2H. m), 4.78 (1H, s). 5.58 (1 H. 
brt). 6.00-6.10 (1H. m). 6.15 (1H. br s). 6.28 (1H. d). 7.12 (1H. t). 7.20-7.45 (8H. m) 

3) Synthesis of 4-(3-bromophenyl)-2.6-dimethyl-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyridine-3-carbox- 
ylic acid: 

[0096] The title compound was obtained from 540 mg (1 .04 mmol) of 2-cyanoethyl 4-(3-bromophenyl)-2.6-dimethyl- 
30 5-[(3-phenyl-2-propene-1 -yl)carbamoyl)]-1 ,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4- 
3). 

Yield: 243 mg (0.520 mmol) (50.0 %) 

^H-S (DMSO^ 2L06 (3H. s). 2.24 (3H, s). 3.84 (2H. br s). 4.86 (1 H. s). 6.10-6.28 (2H. m), 7.15-7.32 (9H, m). 
7.81 (1H, brt), 8.30 (1H, s) 

Example 15 Synthesis of 4-(4-cyanophenyl)-2.6-dimethy1-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyridine- 
3-carboxylic acid: 

1) Synthesis of 2-acetyl-3-(4-cyanophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide: 

[0097] 600 mg (2.76 mmol) of 3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide. 362 mg (2.76 mmol) of 4-cyanoben- 
zaldehyde and 23.5 mg (0.276 mmol) of piperidine were heated under reflux in the presence of a catalytic amount of p- 
45 toluenesuHonic acid in 30 ml of benzene for 6 hours while water was removed. Benzene was evaporated under reduced 
pressure. Ethyl acetate was added to the reaction mixture. After washing with 1 N hydrochloric acid and then wrtha sat- 
urated aqueous sodium hydrogencarbonate solution, the organic layer was dried over anhydrous sodium sulfate and 
then concentrated under reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl 
acetate = 5/1) to obtain the title compound. 

50 

Yield: 590 mg (1.79 mmol) (64.7 %) 
MS(ESI.m/z)329(M-H)- 

2) Synthesis of 2*yanoethyl 4-(4-cyanophenyl)-2,6-dimethyl-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyrid- 
55 ine-3-caiboxylate: 

[0098] The title compound was obtained from 590 mg (1 .76 mmol) of 2-acetyl-3-(4-cyanophenyl)-N-(3-phenyl-2- 
propene-1-yl)acrylamide and 271 mg (1.76 mmol) of 2-cyanoethyl 3-aminocrotonate in the same manner as that of 
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Example 1-3). 

Yield: 720 mg (1.54 mmol) (87.7 %) 
MS (ESI, m/z) 467 (M+H) + 

1 H-NMR (CDCI 3 ): 2.20 (3H, s), 2.32 (3H, s) ( 2.61 (2H t t), 3.97 (2H, br d). 4.23 (2H. t). 4.91 (1H, s), 5.68 (1H, br s), 
6.04 (1H, dt), 6.30 (1H. d), 6.52 (1H, br s). 7.20-7.35 (5H. m). 7.41 (2H, d), 7.52 (2H f d) 

3) Synthesis of 4-(4-cyanophenyl)-2,6-dimethyl-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyridine-3-carbox- 
ylicacid: 

[0099] The title compound was obtained from 720 mg (1.54 mmol) of 2-cyanoethyl 4-(cyanophenyl)-2,6-dimethyl- 
5-[(3-phenyl-2-propene-1-yl)carbamoyl)]-1,4<iihydropyridine-3-carboxylate in the same manner as that of Example 4- 

3). 

Yield: 488 mg (1.18 mmol) (76.6 %) 
MS (ESI, m/z) 414 (M+H) + 

1 H-NMR (DMSO-ds): 2.06 (3H, s), 2.24 (3H, s). 3.82 (2H, t). 4.93 (1H. s), 6.08-6.22 (2H, m), 7.19-7.37 (7H, m), 
7.67 (2H t d), 7.81 (1H, t), 8.35 (1H, s) 

Example 16 Synthesis of 2, 6-dimethyl-5^3-phenyl-2-propene-1-yl) carbamoyl 
carboxylic acid: 

1) Synthesis of 2-cyanoethyl 2,6-dimethyl-5-(3-phenyl-2-propene-1-ylcarbamoyl)-4-(pyridine-3-yl)-1 ,4-dihydropyridine- 
3-carboxylate: 

[0100] 516 mg (2.37 mmol) of 3-oxo-N-(3-phenyl-2-propene-1-yl)butyramide. 0.255 ml (2.70 mmol) of 3-pyridylal- 
dehyde and 0.06 ml (0.61 mmol) of piperidine were heated under reflux in the presence of a catalytic amount of p-td- 
uenesulfbnic acid in 30 ml of benzene overnight while water was removed. Ethyl acetate was added to the reaction 
mixture. After washing with a saturated aqueous sodium hydrogencarbonate solution, the organic layer was dried over 
anhydrous sodium sulfate and then concentrated under reduced pressure to obtain 2-acetyt-3-(pyridine-3-yl)-N-{3-phe- 
nyl-2-propene-1-yl)acrylamide. 20 ml of 2-propanoi and 365 mg (2.37 mmol) of 2-cyanoethyl 3-aminocrotonate were 
added to the product, and they were heated at 80°C under stirring overnight. 2-Propanol was evaporated under reduced 
pressure, and the residue was purified by the silica gel chromatography (chloroform / methanol = 50/1) to obtain the title 
compound. 

Yield: 793 mg (1.79 mmol) (75.5 %) 
MS (ESI, m/z) 443 (M+H) + 

1 H-NM R (CDCI3): 2.27 (3H. s), 2.35 (3H, s). 3.84-4.08 (2H, m), 4.27 (2H. t). 4.84 (1H, s). 5.55 (1H, m), 5.77 (1H, 
m) t 6.07 (1H, dt), 6.33 (1H. d), 7.18-7.72 (7H, m), 8.30-8.72 (2H, m) 

2) Synthesis of 2,6-dimethyl-5-(3-phenyl-2-propene-1 -ylcarbamoyl)-4-(pyridine-3-yl)-1 .4-dihydropyridine-3-carboxylic 
acid: 

[0101] The title compound was obtained from 790 mg (1 .79 mmol) of 2-cyanoethyl 2,6<limethyl-5-(3-phenyl-2-pro- 
pene-1-ylc^rbamoyl)-4-(pyridine-3-yl)-1,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

Yield: 170 mg (0.44 mmol) (24.5 %) 
MS (ESI, m/z) 388 (M-H)' 

1 H-NMR (DMSO-d 6 ) : 2.07 (3H, s), 2.24 (3H, s), 3.78-3.86 (2H, m),4.0 (1 H, s), 6.13 (1 H, dt). 6.22 (1 H, d), 7.1 8-7.36 
(6H, m), 7.52 (1H, d), 7.83 (1H, t), 8.29-8.37 (2H, m). 8.40 (IH.s) 

Example 17 Synthesis of 2,6- dimethyl-4-(4-nitropheny0-5-[(3-phenyl-2-propene-1-yl)carbamoyl]-1 ,4-dihydropyridine- 
3-carboxylicacid: 

1) Synthesis of 2-acetyl-3-(4-nitrophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide: 

[0102] The title compound was obtained from 500 mg (2.30 mmol) of 3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide 
and 348 mg (2.30 mmol) of 4-nitrobenzaldehyde in the same manner as that of Example 1-2). 
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Yield. 424 mg (1.21 mmol) (52.6 %) 

MS (ESI, m/z) 351 (M+H) + , , , 

1H-NMR (CDCI 3 ): 2.46 (3H. s). 4.10 (2H, t). 6.06 (1H. t). 6.29 (1H. brt). 6.48 (1H, d). 7.22-7.32 (5H. m), 7.53 (1H. 

s). 7.66 (2H,d), 8.12 (2H.d) 

2) Synthesis of 2-cyanoethyl 2.6<iimethyl-4-(4-nifropheny^ 
ine-3-carboxylate: 

[0103] 424 mg (1 .21 mmol) of 2-acetyl-3-(4-nitrophenyl)-N-(3-phenyl-2-propene-1-yl)acrylamide and 1 87 mg (1 .21 
mmol) of 2-cyanoethyl 3-aminocrotonate were heated at 70°C under stirring in 10 ml of 2-propanol for 2 days. 2-Propa- 
nol was evaporated under reduced pressure, and the residue was purified by the silica gel chromatography (dichlo- 
romethane / methanol = 100/1) to obtain the title compound. 

Yield: 396 mg (0.814 mmol) (67.3 %) 
MS (ESI, m/z) 487 (M+H)* 

1 H-NMR (CDCI3): 2.21 (3H, s). 2.33 (3H, s). 2.62 (2H, t). 3.98 (2H, dd). 4.23 (2H. t), 4.97 (1H, s), 5.67 (1H, t). 6.05 
(1H, dt), 6.32 (1H, d). 7.21-7.32 (5H, m), 7.47 (2H. d). 8.09 (2H, d) 

3) Synthesis of 2,6-dimethvl-4-(4-nitrophenyl)-5-[(3-phenyl-2-propene-1 -yl)carbamoyl]-1 ,4-dihydropyridine-3-carboxylic 
acid: 

[0104] 396 mg (0.814 mmol) of 2-cyanoethyl 2,6-dimethyl-4-(4-nitrophenyl)-5-[(3-phenyl-2-propene-1-yl)car- 
bamoyl]-1 4-dihydropyridine-3-carboxylate was dissolved in 10 ml of methanol. 0.895 ml of 1 N aqueous sodium 
hydroxide solution was added to the solution, and they were stirred at room temperature overnight. 1 N hydrochloric 
acid was added to the reaction mixture and then methanol was evaporated under reduced pressure. Water was added 
to the residue, and a precipitate thus obtained was taken by the filtration. The product was washed with water and then 
with hexane / ethyl acetate (3:1) and dried under reduced pressure to obtain the title compound. 

Yield: 289 mg (0.667 mmol) (81 .9 %) 

MS (ESI, m/z) 434 (M+H) + v ' , 

1 H-NMR (DMSO-de): 2.06 (3H, s). 2.25 (3H. s). 3.82 (2H, br s), 5.00 (1 H. s), 6.08-6.22 (2H. m), 7.18-7.29 (5H. m). 
7.43 (2H, d), 7.83 (1H. t), 8.10 (2H, d), 8.38 (1H. s) 

Example 18 Synthesis of 4-(3-chlorophenyl)-2.6-dime1hyl-5-{[3-(2-methoxypheriyl)-2-propene-1-y0canMmoyl}-1.4- 
dihydropyridine-3-carboxylic acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-{[3-(2-methoxyphenyl)-2-propene-1-yl]carbamoyl)-1.4- 
dihydropyridine-3-carboxylate: 

[0105] 150 mg (0.416 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2.6-dimethyl-1.4-dihydropyridine-3,5-dicar- 
boxylate and 81 .4 mg (0.499 mmol) of 3-(2-methoxyphenyl)-allylamine were dissolved in 1 0 ml of dichloromethane. 1 20 
mg (0 624 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride and 63.7 mg (0.416 mmol) of 1- 
hydroxybenzotriazole were added to the obtained solution under cooling with ice. and they were stirred at room temper- 
ature for 2 hours. Dichloromethane was evaporated under reduced pressure. Ethyl acetate was added to the residue, 
and the product was washed with 1 N hydrochloric acid and then with a saturated aqueous sodium hydrogencaibonate 
solution. The organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. 
The residue was purified by the silica gel chromatography (dichloromethane / methanol = 1 00/1 ) to obtain the title com- 
pound. 

Yield: 140 mg (0.279 mmol) (67.0 %) 

MS (ESI. m/z) 506 (M+H) + , , 

1 H-NMR (CDCI3): 2.19 (3H. s). 2.30 (3H. s). 2.58-2.65 (2H. m). 3.82 (3H. s). 3.90-4.01 (2H, m). 4.15-4.68 (2H. m). 
4.78 (1H. S). 5.61 (1H. t). 6.06 (1H, dt). 6.36(1H, s). 6.71 (1H.d), 6.83-6.92 (2H. m), 7.11-7.35 (6H, m) 

2) Synthesis of 4-(3-chlorophenyl)-2..6-dimethyl-5-{[3-(2-methoxyphenyl)-2-propene-1-vl]caibamoyl}-1.4-dihydropyrid- 
ine-3-carboxylic acid: 

[01 06] The title compound was obtained from 1 40 mg (0.279 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dime- 
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thyl-5-{[3-(2-methoxyphenyl)-2-propene-1-yl]c^ in the same manner as that 

of Example 4-3). 

Yield: 70.0 mg (0.155 mmol) (55.4 %) 
MS (ESI, m/z) 453 (M+H) + 

1 H-NMR (DMSO-d 6 ): 2.05 (3H, s), 2.26 (3H, s), 3.78 (3H, s). 3.84 (2H, d), 4.84 (1 H, s), 6.1 1 (1 H, dt), 6.63 (1 H, d), 
6.88-7.00 (2H, m), 7.10-7.24 (5H, m), 7.36 (1H, d), 7.81 (1H, t). 8.30 (1H, s) 

Example 19 Synthesis of 4-(4-cyanophenyl)-2,6<iimethyl-1 f 4-dihydropyridine-3,5-carboxylic acid 3-[3-(morpholine-4- 
yl)-propyl]amide 5-(3-phenyl-2-propene-1 -yl)amide: 

[0107] 100 mg (0.242 mmol) of 4-(4-cyanophenyl)-2,6-dimethyt^ 

dropyridine-3-cart>oxylic acid and 42.0 mg (0.290 mmol) of N-(3-aminopropyl)morpholine were dissolved in 10 ml of 
dichloromethane. 69.6 mg (0.363 mmol) of 1-(3-dimethylaminopropyl)-3-ethy!carbodiimide hydrochloride and 37.1 mg 
(0.242 mmol) of 1-hydroxybenzotriazole were added to the obtained solution under cooling with ice. and they were 
stirred at room temperature for 3 hours. Dichloromethane was evaporated under reduced pressure. Ethyl acetate was 
added to the residue, and the product was washed with a saturated aqueous sodium hydrogencarbonate solution. The 
organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The residue 
was purified by the recrystallization (recrystallization solvent: acetone / petroleum ether) to obtain the title compound. 

Yield: 72.0 mg (0.133 mmol) (55.1 %) 
MS (ESI, m/z) 540 (M+H) + 

1 H-NMR (DMSO<l 6 ): 1.43 (2H, dt), 2.01 (3H. s), 2.07 (5H. t). 2.22 (4H, t). 3.03 (2H. br s), 3.52 (4H, t), 3.81 (2H, t), 
4.97 (1H. s), 6.02-6.18 (2H. m), 7.20-7.36 (7H, m), 7.62 (1H. t), 7.68 (2H. d), 7.83 (1H. s) 

Example 20 Synthesis of (3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2.6-dimethyl-5-[3-(imidazole-1-yl)propylcar- 
bamoyQ-1.4-dihydropyridine-3-carboxylate: 

[0108] The title compound was obtained from 100 mg (0.236 mmol) of mono(3-phenyl-2-propene-1-yl) 4-(3-chlo- 
rophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate and 35.5 mg (0.284 mmol) of 1-(3-aminoproyl)imidazole 
in the same manner as that of Example 19. 

Yield: 85.0 mg (0.160 mmol) (67.9 %) 
MS (ESI, m/z) 531 (M+H) + 

1 H-NMR (DMSO-d 6 ): 1.74 (2H ( t), 2.00 (3H, s), 2.29 (3H, s), 2.99 (2H, q), 3.76 (2H t dt). 4.63 (2H, ddd), 4.90 (1H, 
s). 6.25 (1H, dt), 6.43 (1H, d), 6.85 (1H, s), 7.07-7.35 (10H. m), 7.51 (1H, s), 7.67 (1H, t), 8.44 (1H, s) 

Example 21 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(phen^ 
carboxylic acid: 

1) Synthesis of t-butyl phenylcartoamoylmethylcarbamate: 

[0109] 1.27 g (1 .19 mmol) of 1 -(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 681 mg (5.04 mmol) of 
1-hydroxybenzotriazole and 0.95 ml (6.82 mmol) of triethylamine were added to 1.15 g (6.56 mmol) of t-butoxycarbo- 
nylglycine in 20 ml of dichloromethane under cooling in an ice bath, and they were stirred at room temperature over- 
night. Ethyl acetate was added to the reaction mixture, and the product was washed with 0.1 N hydrochloric acid and 
then with a saturated aqueous sodium hydrogencarbonate solution. The organic layer was dried over anhydrous 
sodium sulfate and then concentrated under reduced pressure to obtain the title compound. 

Yield: 1.30 g (5.19 mmol) (79.1 %) 

1 H-NMR (CDCI 3 ) : 1.48 (9H, s), 3.93 (2H, d), 5.28 (1H, brd). 7.12 (1H, t), 7.32 (2H, t). 7.51 (2H, d). 8.17 (1H, brd) 

2) Synthesis of 2-amino-N-phenylacetamide: 

[01 10] 40 ml of dichloromethane and 20 ml of trrf luoroacetic acid were added to 687 mg {2.74 mmol) of t-butyl phe- 
nylcarbamoylmethylcarbamate, and they were stirred at room temperature for 3 hours. Dichloromethane and trif luoro- 
acetic acid were evaporated under reduced pressure. A saturated aqueous sodium hydrogencarbonate solution was 
added to the residue. After the extraction with ethyl acetate and then with dichloromethane. the organic layer was dried 
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over anhydrous sodium sulfate and then concentrated under reduced pressure to obtain the title compound. 
Yield: 247 mg (1.64 mmol) (59.9 %) 

1 H-NMR (CDCI 3 ) : 3.48 (2H, m), 7.04-7.15 (1H, t), 7.20-7.37 (2H, m), 7.60 (2H, d), 9.34 (1H, brd) 

3) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-(phenylra^ 
ine-3-caiboxylate: 

[011 1] 1 79 mg (0.49 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3,5- dicar- 
boxylate 245mg (1.63 mmol) of 2-amino-N-phenylacetamide, 129 mg (0.67 mmol) of 1 -(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride and 11 mg (0.09 mmol) of 4<iimethylaminopyridine were stirred in 10 ml of dichlo- 
romethane at room temperature overnight. Ethyl acetate was added to the reaction mixture, and the product was 
washed with 1 N hydrochloric acid and then with a saturated aqueous sodium hydrogencartoonate solution. The organic 
layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. The residue was puri- 
fied by the silica gel chromatography (chloroform / methanol = 100/1) to obtain the title compound. 

Yield: 221 mg (0.45 mmol) (90.7 %) 

MS (ESI, m/z) 493 (M+H) + t % 

1 H-NMR (CDCI3) : 2.31 (3H, s). 2.35 (3H, s). 2.64 (2H, t), 3.99 (2H, t), 4.23-4.35 (2H t m), 4.83 (1 H, s), 5.74 (1H, s). 
6.30 (1H, brd), 7.06-7.33 (7H. m), 7.42 (2H, d), 8.32 (1H, s) 

4) Synthesis of 4- (3-chlorophenyl)-2,6-dimethyl-5-(phenyte^ 
lie acid: 

[01 1 2] The title compound was obtained from 2 1 6 mg (0.44 mmol) of 2-cyanoethyl 4-(3-chiorophenyl)-2.6-dimethyl- 
5-(phenylcarbamoylmethylcarbamoyl)-1 .4-dihydropyridine-3-caiboxylate in the same manner as that of Example 4-3). 

Yield: 37 mg (0.08 mmol) (19.2 %) 
MS (ESI. m/z) 438 (M-H)~ 

1 H-NMR (DMSO<J 6 ) : 2.15 (3H, s), 2.25 (3H, s). 3.74-3.94 (2H. m), 4.83 (1H, s), 7.03 (1H, t), 7.12-7.33 (6H f m), 
7.55 (2H,d), 7.74 (1H, t). 8.40 (1H. s), 9.87 (1H,s) 

Example 22 Synthesis of 5-acetyl-4-(3K:hloropheny1)-2,6-dimethyl-1,4-dihydropyridine-3-carbox^ acid (3-phenyl-2- 
propene-1 -yl)amide: 

[01 1 3] 569 mg (2.62 mmol) of 3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide, 0.3 ml (2.65 mmol) of 3-chlorobenzal- 
dehyde and 0.03 ml (0.34 mmol) of piperidine were heated under reflux in the presence of a catalytic amount of p-tol- 
uenesulfonic acid in 30 ml of benzene overnight while water was removed. Ethyl acetate was added to the reaction 
mixture, and the product was washed with 1 N hydrochloric acid and then with a saturated aqueous sodium hydrogen- 
carbonate solution. The organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced 
pressure to obtain 2-acetyl-3-(3-chlorophenyl)-N-(3-phenyl-2-propene-1 -yl)acrylamide. 20 ml of 2-propanol and 260 mg 
(2 62 mmol) of 4-amino-3-pentene-2-on were added to the product, and they were heated at 80°C under stirring for 3 
days. 2-Propanol was evaporated under reduced pressure, and the residue was purified by the silica gel chromatogra- 
phy (ethyl acetate) to obtain the title compound. 

Yield: 98 mg (0.08 mmol) (8.8 %) 

MS (ESI, m/z) 419 (M-H)* * t ^ 

1 H-NMR (DMSO-d 6 ) : 2.05 (3H, s), 2.09 (3H, s). 2.29 (3H, s). 3.88 (2H,t), 4.95 (1H. s), 6.18 (1H, dt), 6.32 (1H, d), 

7.09-7.35 (9H, m), 7.94 (1H,t), 8.48 (1H,s) 

Example 23 Synthesis of (3-phenyl-2-propene-1-yl) 4-(3-chlorophenyl)-2,6-dimethyl-5-[3-(morpholine-4-yl)propylcar- 
bamoyl]- 1 ,4-dihydropyridine-3-carboxylate: 

[0114] The title compound was obtained from 100 mg (0.236 mmol) of mono(3-phenyl-2-propene-1-yl) 4-(3-chlo- 
rophenyl)-2,6-dimethyl-1,4-dihydropyridine-3.5KJicarboxylate and 41.0 mg (0.284 mmol) of N-(3-aminopropyl)morpho- 
line in the same manner as that of Example 1 8-1 ). 



Yield: 120 mg (0.218 mmol) (92.4 %) 
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MS (ESI, m/z) 550 (M+H) + 

1 H-NMR (CDC! 3 ): 1.55 (2H, t), 2.16 (3H, s), 2.20-2.31 (6H, m), 2.32 (3H, s), 3.12-3.25 (1H, m), 3.32-3.42 (1H, m), 
3.59 (4H, dd), 4.70 (2H. ddd), 4.86 (1H t s), 6.14-6.23 (2H, m), 6.30 (1H, t), 6.48 (1H, d). 7.11-7.34 (9H f m) 

Example 24 Synthesis of (R)-l-phenylethyl 4-(3-chlorophenyl)-2,6<ijmethyl-5-(3-phenyl-2-propene-1-ylcarbamoyl)-1 ,4- 
dihydropyridine-3-carboxylate: 

[0115] 81 mg (0.192 mmol) of 4-(3-chlorophenyl)-2,6-dimethyl-5-(3-phenyl-2-propene-1-ylcarbamoyI)-1 ,4-dihydro- 
pyridine-3-carboxylic acid, 0.08 ml (0.67 mmol) of R-(+)-1 -phenylethanol, 70 mg (0.37 mmol) of 1-(3-dimethylaminopro- 
pyl)-3-ethylcarbodiimide hydrochloride and 6 mg (0.05 mmol) of 4-dimethylaminopyridine were stirred in 10 ml of 
dichioromethane at room temperature for 3 days. Ethyl acetate was added to the reaction mixture, and the product was 
washed with 1 N hydrochloric acid. The organic layer was dried over anhydrous sodium sulfate and then concentrated 
under reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 1/1) to 
obtain the title compound. 

Yield: 85 mg (0.16 mmol) (84.3 %) 
MS (ESI, m/z) 527 (M+H) + 

1 H-NMR(CDCI 3 ) : 1.47 (3H, dd), 2.24(3H, d), 2.31 (3H, d), 3.87-4.06 (2 H, m), 4.84 (1H, d). 5.42 (1 H. t), 5.49 (1H. 
s), 5.78-5.91 (1H, m), 6.06 (1H, dt), 6.28 (1H, d), 7.04-7.34 (14H, m) 

Example 25 Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2 i 6-dimethyl-5-{[3-(pyridine-4-yl)-2-propene-1 -yl]cart>amoyl}- 
1 ,4-dihydropyridine-3-caiboxylate: 

[0116] 221 mg (0.610 mmol) of 3-pyridine-4-yl-allylamine and 200 mg (0.554 mmol) of mono(2-cyanoethyl) 4-(3- 
chlorophenyl)-2,6-dimethyl-1 t 4-dihydropyridine-3,5<Jicarboxylate were dissolved in 1 0 ml of DMF. 159 mg (0.831 mmol) 
of 1-(3-dimethylaminopropyl)-3-ethylcafbodiimide hydrochloride and 123 mg (1.22 mmol) of triethylamine were added 
to the obtained solution under cooling with ice, and they were stirred at room temperature for 2 days. DMF was evapo- 
rated under reduced pressure. After the extraction with a saturated aqueous sodium hydrogencarbonate solution and 
ethyl acetate, the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pres- 
sure. The residue was purified by the silica gel chromatography (dichioromethane / methanol = 1 00/1 to 10/1) to obtain 
the titie compound. 

Yield: 161 mg (0.338 mmol) (60.9 %) 
MS (ESI, m/z) 477 (M+H) + 

1 H-NMR (CDCI 3 ): 2.26 (3H. s), 2.31 (3H, s), 2.64 (2H, t), 4.01 (2H. t), 4.26 (2H, t). 4.83 (1H, s), 5.86 (1H, t), 6.14 
(1H, d), 6.31 (1H, dt), 6.71 (1H, s), 7.10-7.31 (6H, m), 8.48 (2H, d) 

Example 26 Synthesis of 4-(3K;hlorophenyl)-2.6-dimethyl^ 
pyridine-3-carboxylic acid: 

[0117] 161 mg (0.338 mmol) of the compound obtained in Example 25 was dissolved in 10 ml of methanol. 0.372 
ml of 1 N aqueous sodium hydroxide solution was added to the obtained solution, and they were stirred at room tem- 
perature for 4 hours. After the addition of 1 N hydrochloric acid, methanol was evaporated under reduced pressure. 
Water was added to the residue, and a precipitate thus formed was taken by the filtration and then recrystallized 
(recrystallization solvent: methanol / isopropyl ether) to obtain the title compound. 

Yield: 52.0 mg (0.123 mmol) (36.3 %) 
MS (ESI, m/z) 424 (M+H) + 

1 H-NMR (CDCI3): 2.34 (3H, s), 2.58 (3H, s), 4.02 (2H, t), 5.05 (1 H, s), 6.00-6.18 (2H, m), 6.36 (1 H, t). 6.58 (1 H. s). 
7.08-7.41 (6H, m), 8.50 (2H, d) 

Example 27 Synthesis of 2-cyanoethyl 4-(furan-3-yl)-2,6-dimethyl-5-[(3-phenyl-2-propene-1-yl)carbamoyQ-1,4-dihydro- 
pyridine-3-carboxylate: 

1) Synthesis of 2-acetyl-3-(furan-3-yl)-N-(3-phenyl-2-propene-1-yl)acryiamide: 

[01 18] The title compound was obtained from 500 mg (2.30 mmol) of 3-oxo-N-(3-phenyl-2-propene-1 -yl)butyramide 
and 221 mg (230 mmol) of 3-furaldehyde in the same manner as that of Example 4-1). 
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Yield: 477 mg (1.62 mmol) (70.2 %) 
MS (ESI. m/z) 296 (M+H) + 

1 H-NMR (CDCI 3 ): 2.41 (3H f s), 4.19 (2H, t), 6.22 (1H, dt), 6.38(1H, br s), 6.60 (1H, d), 6.66 (1H, s), 7.21-7.41 (7H, 
m),7.82 (1H,s) 

2) Synthesis of 2-cyanoethyi 4-(furan-3-yi)-2,6^imethyl-5-[(3-phenyl-2^ 
carboxylate: 

[0119] The title compound was obtained from 477 mg (1.62 mmol) of 2-acetyl-3-(furan-3-yl)-N-(3-phenyl-2-pro- 
pene-1-yt)acrylamide and 250 mg (1.62 mmol) of 2-cyanoethyl 3-aminocrotonate in the same manner as that of Exam- 
ple 1-3). 

Yield: 368 mg (0.853 mmol) (52.6 %) 
MS (ESI, m/z) 432 (M+H) + 

1 H-NMR (CDCI3): 2.30 (3H, s), 2.31 (3H, s), 2.72 (2H, t). 4.04 (2H, dt), 4.35 (2H, dt), 4.73 (1H. s), 5.72 (1H, br s), 
5.79 (1H, br t), 6.15 (1H, dt), 6.33 (1H. t), 7.20-7.34 (8H, m) 

Example 28 Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2.6-dimethyl-5-[3-(imidazole-1-yl)propylcarbamoyl]-1,4-dihy- 
dropyridine-3-carboxylate: 

[0120] The title compound was obtained from 150 mg (0.416 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6- 
dimethyl-1 ,4-dihydropyridine-3,5-dicarboxylate and 62.5 mg (0.499 mmol) of 1 -aminopropylimidazole in the same man- 
ner as that of Example 25. 

Yield:. 107 mg (0.229 mmol) (55.1 %) 
MS (ESI. m/z) 468 (M+H) + 

1 H-NMR (CDCI3): 1.85 (2H. t). 2.17 (3H. s). 2.31 (3H. s). 2.63 (2H. t). 3.10-3.30 (2H. m). 3.77 (2H, dd). 4.23 (2H. 
t). 4.80 (1H. s). 6.12 (1H ? t). 6.88 (1H. s). 7.00 (IK s). 7.06 (1H. s). 7.08-7.37 (5H. m) <.-: 

Example 29 Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2 f 6-dimethyl-5-[3-(morpholine-4-yl)propy«carbamoyl]-1.4- 
dihydropyridine-3-carboxylate: 

[01 21 ] The title compound was obtained from 1 50 mg (0.41 6 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyt)-2,6- 
dimethyl-1 ,4-dihydropyridine-3,5<Jicarboxylate and 72.0 mg (0.499 mmol) of N-(3-aminopropyl)morpholine in the same 
manner as that of Example 25. 

Yield: 1 1 0 mg (0.226 mmol) (54.3 %) 
MS (ESI, m/z) 487 (M+H) + 

1 H-NMR (CDCI3): 1.57 (2H. dd). 2.14 (3H, s). 2.22-2.34 (9H, m). 2.60 (2H. t). 3.15-3.25 (1H. m). 3.35-3.45 (1H, m). 
3.60 (4H. dd). 4.12-4.29 (2H. m). 4.82 (1H. s), 6.40-6.45 (2H, m). 7.13-7.29 (4H. m) 

Example 30 Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2.6-dimethyl-5-[3-(2-oxopyrrolidine-1-yl)propylcarbamoyl]- 
1 ,4-dihydropyridine-3-carboxylate: 

[0122] The title compound was obtained from 1 50 mg (0.416 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2.6- 
dimethyl-1,4-dihydropyridine-3,5-dicarboxylate and 71.0 mg (0.499 mmol) of 1-(3-aminopropyl)-2-pyrrolidinone in the 
same manner as that of Example 1 8-1). 

Yield: 1 1 7 mg (0.241 mmol) (58.0 %) 
MS (ESI, m/z) 485 (M+H) + 

1 H-NMR (CDCI3): 1.55 (2H, t). 1 .98-2.08 (4H, m), 2.18 (3H, s). 2.32 (3H, s), 2.38 (2H, t), 2.61-2.66 (2H. m), 2.94- 
3.1 1 (3H. m), 3.25-3.40 (3H. m), 4.23 (2H, t). 4.91 (1H, s). 6.22 (1H, s). 6.61 (1H, t), 7.10-7.29 (4H, m) 

Example 31 Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-[3-(pyrrolidine-1 -yl)propylcarbamoyQ-1 ,4- 
dihydropyridine-3-carboxylate: 

[0123] The title compound was obtained from 1 50 mg (0.416 mmol) of mono(2-cyanoethyl) 4- (3-chlorophenyl)-2,6- 
dimethyl-l^-dihydropyridine-S.S-dicarboxylate and 64.0 mg (0.499 mmol) of 1-(3-aminopropyl)pyrrolidine in the same 
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manner as that of Example 18-1). 

Yield: 147 mg (0.312 mmol) (75.0 %) 
MS (ESI, nVz) 471 (M+H) + 

1 H-NMR(CDCI 3 ): 1.52-1.65 (2H, m), 1.70 (4H. brt). 2.12 (3H, s), 2.21 (3H, s). 2.31-2.46 (6H, m), 2.59 (2H, t), 3.10- 
3.22 (1H, m) t 3.32-3.42 (1H, m), 4.15-4.29 (2H, m), 4.80 (1H, s). 6.84 (1H, t). 7.08-7.22 (4H, m) 

Example 32 Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-[3-(4-methoxyphenyl)-2-propene-1-ylcar- 
bamoyl]-1,4-dihydropyridine-3-carboxylate: 

[0124] The title compound was obtained from 234 mg (0.648 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6- 
dimethyl-l f 4-dihydropyridine-3,5-dicarboxylate and 127 mg (0.778 mmol) of 3-(4-methoxyphenyl)-allylamine in the 
same manner as that of Example 18-1). 

Yield: 182 mg (0.360 mmol) (55.5 %) 
MS (ESI, m/z) 506 (M+H)+ 

1 H-NMR (CDCI 3 ): 2.37 (3H t s), 2.40 (3H, s), 2.65 (2H. t), 3.75-3.81 (5H, m), 4.23-4.38 (2H, m), 5.26 (1 H, s), 6.75- 
6.88 (3H, m), 7.17-7.42 (6H, m) t 8.00 (1H, d) 

Example 33 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(4-phenylbutylcaibamoyl)-1 ,4-dihydropyridine-3-carboxylic 
acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-(4-phenylbutylcarbamoyl)-1 ,4-dihydropyridine-3-car- 
boxylate: 

[0125] The title compound was obtained from 200 mg (0.554 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6- 
dimethyl-1.4-dihydropyridine-3,5-dicarboxylate and 99.2 mg (0.665 mmol) of 1 -amino-4-phenylbutane in the same 
manner as that of Example 18-1). 

Yield: 266 mg (0.541 mmol) (97.6 %) 
MS (ESI, m/z) 492 (M+H) + 

1 H-NMR (CDCI3): 1.44 (4H, br), 2.14 (3H f s). 2.53 (3H, s). 2.50-2.60 (4H, m). 3.10-3.28 (2H, m), 4.19-4.24 (2H, m). 
4.74 (1H, s), 5.46 (1H, br), 6.64 (1H, s), 7.10-7.23 (9H, m) 

2) Synthesis of 4-(3-chlorophenyl)-2,6<iimethyl-5-(4^ acid- 

[0126] The title compound was obtained from 266 mg (0.541 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dime- 
thyl-5-(4-phenylbutylcarbamoy1)-1,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

Yield: 146 mg (0.333 mmol) (61.5 %) 
MS (ESI, m/z) 439 (M+H) + 

1 H-NMR (DMSO-d 6 ): 1.32-1.45 (4H. m), 1.98 (3H, s), 2.23 (3H, s), 2.51 (2H, br), 3.05 (2H, t). 4.79 (1H, s). 7.05- 
7.28 (9H, m), 7.51 (1H, t), 8.23 (1H, s) 

Example 34 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-^^ 
boxylic acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-(3,3-diphenylpropylcarbamoyl)-1,4-dihydropyridine-3- 
carboxylate: 

[0127] 219 mg (0.61 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicar- 
boxylate, 138 mg (0.72 mmol) of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 201 mg (0.95 mmol) of 
3,3-diphenylpropylamine and 20 mg (0.16 mmol) of 4-dimethylaminopyridine were stirred in 10 ml of dichloromethane 
at room temperature overnight. 2 N hydrochloric acid was added to the reaction mixture. After the extraction with dichlo- 
romethane. the organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced pressure. 
The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 1/1) to obtain the title compound. 

Yield: 280mg (0.51 mmol) (83.3 %) 
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MS (ESI. m/z) 554 (M+H) + 

1 H-NMR (CDCI3): 2.05-2.23 (2H, m), 2.21 (3H, s). 2.32 (3H, s), 2.64 (2H, t) t 3.06-3.22 (2H, m), 3.72 (1H. t), 4.20- 
4.35 (2H, m), 4.73 (1H, s), 5.31 (1H. t), 5.58 (1H, s), 7.09-7.30 (14H, m) 

2) Synthesis of 4-(3-chlorophenyi)-2,6-dimethyl-5-(3.3-diphenylpropylcarbamoyl)-1 ( 4KJihydropyridine-3-carboxylic acid: 

[0128] The title compound was obtained from 275 mg (0.50 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyi- 
5-(3,3-diphenylpropylcarbamoyl)-1,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

Yield: 158 mg (0.32 mmol) (63.1 %) 
MS (ESI, m/z) 499 (M-H)' 

1 H-NMR (DMSO-d 6 ): 2.01 (3H, s), 2.03-2.17 (2H, s). 2.23 (3H, S), 2.82-3.03 (2H.m), 3.84 (IH.t), 4.82 (1H, S), 7.08- 
7.31 (14H, m), 7.56 (1H. t). 8.26 (1H, s) 

Example 35 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(4-phenylpiperazine-1 -carbonyl)-1 ,4-dihydropyridine-3-car- 
boxylic acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2 p 6-dimethyl-5-(4-phenylpiperazine-1-cait>onyl)-1.4-dihydropyridine-3- 
carboxylate: 

[0129] 216 mg (0.60 mmol) of mono(2-cyanoethyl) 4.(3-chlorophenyl)-2,6-dimethyl-1.4-dihydropyridine-3 f 5-dicar- 
boxylate, 147 mg (0.76 mmol) of 1 -(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 0.14 ml (0.92 mmol) of 
1-phenylpiperazine and 25 mg (0.20 mmol) of 4-dimethylaminopyridine were stirred in 10 ml of dichloromethane at 
room temperature for 4 days. A saturated aqueous sodium hydrogencarbonate solution was added to the reaction mix- 
ture After the extraction with dichloromethane. the organic layer was dried over anhydrous sodium sulfate and then 
concentrated under reduced pressure. The residue was purified by the silica gel chromatography (chloroform / metha- 
nol = 1 00/1 ) to obtain the title compound 

Yield: 304 mg (0.60 mmol) (100 %) 
MS (ESI. m/z) 505 (M+H) + 

1 H-NMR (CDCI3): 1.80 (3H, s), 2.40 (3H, s). 2.36-2.50 (2H.m), 2.60-3.45 8H. m), 4.06-4.25 (2H, m). 4.90 (1H, s), 
5.38 (1H, s), 6.76-6.96 (3H. m), 7.10-7.29 (6H, m) 

2) Synthesis of 4-(3-chlorophenyO-2 t 6Kiimethyl-5-(4-phenylpiperazine-1-carbonyl)-1 ,4-dihydropyridine-3-carboxylic 
acid: 

[0130] The title compound was obtained from 298 mg (0.59 mmol) of 2-cyanoethyl 4- (3-chlorophenyl)-2,6-<jime- 
thyl-5-(4-phenylpiperazine-1-carbonyl)-1 ,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

Yield: 167 mg (0.37 mmol) (62.6 %) 

MS (ESI. m/z) 450 (M-H)" v 

1 H-NMR (DMSOkI 6 ) : 1.71 (3H, s). 2.29 (3H, s). 2.55-3.45 (8H.m), 4.67 (1H.s). 6.76-6.88 (3H. m), 7.00-7.08 (2H, 

m), 7.13-7.31 (4H. m), 8.29 (1H. s) 

Example 36 Synthesis of 4-(3-chlorophenyl)-6-ethyl-2-methyl-5-(3-phenyl-2-propene-1-ylcarbamoyl)-1 ,4-dihydropyrid- 
ine-3-carboxylic acid: 

1) Synthesis of benzyl 3-oxovalerate: 

[0131] 2.50 g (19.2 mmol) of methyl 3-oxovalerate. 6.23 g (57.6 mmol) of benzyl alcohol and 234 mg (1 .92 mmol) 
of 4-dimethylaminopyridine were heated under reflux in 30 ml of toluene overnight. Ethyl acetate was added to the reac- 
tion solution. After washing with 1 N hydrochloric acid, the organic layer was dried over anhydrous sodium sulfate and 
then concentrated under reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl 
acetate = 10/1) to obtain the title compound. 

Yield: 1.59 g (7.71 mmol) (40.2 %) 
MS (ESI. m/z) 207 (M+H) + 

1 H-NMR (CDCI3): 1.07 (3H, t). 2.54 (2H. dd). 3.49 (2H, s). 5.18 (2H, s), 7.36 (5H, br) 
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2) Synthesis of benzyl 2-propionyl-3-(3-chlorophenyl)acrylate(mixture of E:Z=1 

[0132] 1.59 g (7.71 mmol) of benzyl 3-oxovalerate. 1.08 g (7.71 mmol) of 3-chlorobenzaldehyde and 65.7 mg 
(0.771 mmol) of piperidine were heated under reflux In the presence of a catalytic amount of p-toluenesulfon»c acid in 
50 ml of benzene for 6 hours while water was removed. Benzene was evaporated under reduced pressure. Ethyl ace- 
tate was added to the reaction mixture. After washing with 1 N hydrochloric acid and then with a saturated aqueous 
sodium hydrogencarbonate solution, the organic layer was dried over anhydrous sodium sulfate and then concentrated 
under reduced pressure. The residue was purified by the silica gel chromatography (hexane / ethyl acetate = 10/1) to 
obtain the title compound. 

Yield: 2.17 g (6.68 mmol) (86.7 %) 

1 H-NMR(CDCI 3 ): 1.06-1.16 (3H, m), 2.55 (1H, dd), 2.71 (1H, dd), 5.28 (2H, d), 7.18 (1H, s). 7.30-7.53 (9H, m) 

3) Synthesis o1 3-benzyl 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 ,4-dihydropyridine-3,5-dicarboxylate: 

[0133] 1.00 g (3.08 mmol) of benzyl 2-propionyl-3-(3-chlorophenyl)acrylate(mixture of E:Z=1 :1) and 475 mg (3.08 
mmol) of 2-cyanoethyl 3-aminocrotonate were heated under reflux in 1 0 ml of 2-propanol at 80°C for 2 days. 2-Propanol 
was evaporated under reduced pressure, and the residue was purified by the silica gel chromatography (dichlorometh- 
ane / methanol = 100/1) to obtain the title compound. 

Yield: 631 mg (1.36 mmol) (44.2 %) 
MS (ESI, m/z) 465 (M+H) + 

1 H-NMR (DMSOd 6 ): 1.09 (3H, t), 2.24 (3H, s), 2.39-2.58 (2H f m), 3.72-3.92 (2H. m), 4.85 (1H, s). 6.10-6.27 (2H, 
m), 7.1 1-7.36 (9H, m). 7.85 (1H. t). 8.27 (1H, s) 

4) Synthesis of 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1 t 4-dihydropyridine-3.5-dicarboxylate: 

[0134] 631 mg (1.36 mmol) of 3-benzyl 5-(2-cyanoethyl) 4-(3-chlorophenyl)-2-ethyl-6-methyl-1.4-dihydropyridine- 
3,5-dicarboxylate was dissolved in 20 ml of ethyl acetate, and the obtained solution was stirred in the presence of 10 % 
palladium / carbon at room temperature in hydrogen atmosphere under atmospheric pressure for 2 days. 10 % palla- 
dium / carbon was filtered off, and the filtrate was concentrated under reduced pressure. The residue was purified by 
the silica gel chromatography (dichloromethane / methanol = 10/1) to obtain the title compound. 

Yield: 371 mg (0.990 mmol) (72.8 %) 
MS (ESI, m/z) 373 (M-H)' 

1 H-NMR(CDCI 3 ): 1.19-1.31 (3H, m), 2.37 (3H, s), 2.63-2.95 (4H, m), 4.23-4.32 (2H, m). 4.97 (1H, s), 5.89 (1H, s). 
7.10-7.27 (4H,m) 

5) Synthesis of 2-cyanoethyl 4-(3K:hlorophenyl)-6-ethyl-2-methyl-5-(3-phenyl-2-propene-l-ylcarbamoyl)-l,4<jihydropy- 
ridine-3-carboxylate: 

[01 35] The title compound was obtained from 251 mg (0.670 mmol) of 5- (2-cyanoethyl) 4-(3-chlorophenyl)-2-ethyl- 
6-methyl-1 ,4-dihydropyridine-3,5-dicarboxylate and 107 mg (0.804 mmol) of cinnamylamine in the same manner as that 
of Example 18-1). 

Yield: 320 mg (0.653 mmol) (97.5 %) 
MS (ESI, m/z) 490 (M+H) + 

1 H-NMR (CDCI 3 ): 1.22 (3H, t), 2.31 (3H, s), 3.97 (2H, br), 2.58-2.66 (2H, m), 4.78 (1H, s), 5.59 (1H, t), 6.01-6.10 
(1H, m), 6.28 (1H, d). 7.16-7.29 (9H, m) 

6) Synthesis of 4-(3-chlorophenyl)-6-ethyl-2-methyl-5-(3-phenyl-2-propene-1 -ylcarbamoyl)-1 ,4-dihydropyridine-3-car- 
boxylic acid: 

[0136] The title compound was obtained from 320 mg (0.653 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-6-ethyl-2- 
methyl-5-(3-phenyl-2-propene-1-y!carbamoyl)-1,4-dihydropyridine-3-carboxylate in the same manner as that of Exam- 
ple 4-3). 



Yield: 168 mg (0.384 mmol) (58.9 %) 
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MS(ESI,m/z)437(M+H) + 

1 H-NMR (DMSO-d 6 ): 1.09 (3H. t), 2.24 (3H, s), 2.38-2.58 (2H, m), 3.72-3.92 (2H, m), 4.85(1H, s). 6.10-6.27 (2H, 
m), 7.10-7.36 (9H, m). 7.85 (1H, t). 8.27 (1H, s) 

Example 37 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(2-phenylethylcarbamoyl)-1 ,4-dihydropyridine-3-carboxylic 
acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-(2-phen^ 
boxylate: 

[0137] The title compound was obtained from 21 5 mg (0.60 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6- 
dimethyl-l,4-dihydropyridine-3.5-dicarboxylate and 0.12 ml (0.96 mmol) of 2-phenylethylamine in the same manner as 
that of Example 34-1). 

75 Yield: 225 mg (0.49 mmol) (80.8 %) 

MS (ESI, m/z) 464 (M+H)+ _ /ni , v 

1 H-NMR (CDCI 3 ): 2.20 (3H, s) t 2.31 (3H, s), 2.63 (2H. t), 2.65-2.80 (2H. m), 3.04-3.63 (2H, m), 4.19-4.35 (2H, m), 
4.64 (1H, s), 5.30 (1H, t). 5.60 (1H, s), 7.01-7.31 (9H. m) 

20 2) Synthesis of 4-(3-chlorophenyl)-2.6Klimethyl-5-(2-phenylethylcarbamoyi)-1 f 4<iihydropyridine-3-carboxylate: 

[0138] The title compound was obtained from 220 mg (0.60 mmol) of 2 -cyanoethyl 4- (3 -chlorophenyl)-2,6-dime- 
thyl-5-(2-phenylethylcart>amoyl)-1 t 4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

25 Yield: 158 mg (0.32 mmol) (63.1 %) 

^NMR^^MScS^ (3H. s). 2.23 (3H, s). 2.60-2.73 (2H. s). 3.21-3.36 (2H.m). 4.78 OH*). 7.04-7.29 (9H. 

m). 7.54 (1H f t). 8.26 (1H,s) 

30 Example 38 Synthesis of 4-(3-chlorophenyl)-2,6-dimethyl-5-(2-phenoxyethylcarbamoy1)-1 ,4-dihydropyridine-3-carboxy- 
lic acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-2,6-dimethyl-5-(2-phenoxylethylcarbamoyl)-1 t 4Kjihydropyridine- 3-car- 
boxylate: 

35 

[0139] The title compound was obtained from 200 mg (0.554 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2.6- 
dimethyl-1 ,4-dihydropyridine-3,5-dicarboxylate and 91 .3 mg (0.665 mmol) of 2-phenoxyethylamine in the same manner 
as that of Example 18-1). 

40 Yield: 151 mg (0.315 mmol) (56.8 %) 

^H-S (CDCy °2 ( 20 <3H. s). 2.30 (3H. s). 2.57 (2H. t). 3.59 (2H, t). 3.92 (2H. t). 4.18-4.26 (2H, m), 4.74 (1 H. s), 
5.90 (1H, t), 6.26 (1H, s), 6.81 (2H, d), 6.96 (1H. t), 7.06-7.09 (2H, m). 7.15-7.19 (1H. m), 7.23-7.30 (3H, m) 

4s 2) Synthesis of 4-(3-chlorophenyl)-2.6-dimethyl-5-(2-phenoxylethylcarbamoyl)-1 ,4-dihydropyridine-3-carboxylic acid: 

[0140] The title compound was obtained from 151 mg (0.315 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-2 6-dime- 
thyl-5-(2-phenylbutylcarbamoyl)-1 ,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3), 

so Yield: 80.2 mg (0.188 mmol) (59.6%) 

^NMR ^MSO-d^^ (3H. s). 2.24 (3H. s). 3.00 (2H. br), 3.92 (2H. t), 4.81 (1H. S). 6.88-6.96 (4H, m). 7.13 
(5H, br). 7.28 (2H. t). 7.72 (1H. t). 8.30 (1H, s) 

55 
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Example 39 Synthesis of 5-(1-benzylpiperidine-4-ylcarbamoyl)-4-(3-chlorophenyl)-2,6-dimethyl-1 ,4<Jihydropyridine-3- 
carboxylic acid: 

1) Synthesis of 2-cyanoethyl 5-(1-benzylpiperidine-4-ylcaibaiTK>ylM^ 
ine-3-carboxylate: 

[0141] The title corrpound was obtained from 217 mg (0.60 mmol) of mono(2-cyanoethyl) 4-(3-chlorophenyl)-2,6- 
dimethyl-1,4-dihydropyridine-3,5-<Jicarboxylate and 0.18 ml (0.88 mmol) of 4-amino-1-benzylpiperidine in the same 
manner as that of Example 35-1). 

Yield: 177 mg (0.33 mmol) (55.3 %) 
MS (ESI, m/z) 533 (M+H) + 

1 H-NMR (CDCI 3 ) : 1.18-1.40 (2H, m), 1.67-1.88 (2H, m), 2.02-2.19 (2H, m), 2.21 (3H f S), 2.33 (3H, S), 2.52-2.68 
(2H, m), 2.62 (2H f t) ( 3.44 (2H, s). 3.70-3.84 (1H, m), 4.22-4.32 (2H, m), 4.70 (1H, s), 5.21 (1H, d). 5.57 (1H. s), 

7.17- 7.31 (9H, m) 

2) Synthesis of 5-(1 -benzylpiperidine-4-ylcarbamoyl)-4-(3-chlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3-caiboxylic 
acid: 

[0142] The title compound was obtained from 1 71 mg (0.32 mmol) of 2-cyanoethyl 5-(1 -benzylpiperidine-4-ylcarba- 
mooyl)-4-(3<hlorophenyl)-2,6-dimethyl-1 ,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

Yield: 95 mg (0.20 mmol) (61.8 %) 
MS (ESI, m/z) 478 (M-H)" 

1 H-NMR (DMSO-d 6 ) : 1.21-1.65 (4H, m), 1.88-2.02 (2H, m). 1.95 (3H, s). 2.25 (3H, s). 2.62-2.80 (2H. m), 3.42 (2H. 
m). 3.49-3.65 (1H. m). 4.78 (1H. s). 7.03-7.40 (10H. m), 8.23 (1H. s) 

Example 40 Synthesis of 4-(3^hlorophenyl)-6-ethyl-2-methyl^^^ 
boxylic acid: 

1) Synthesis of 2-cyanoethyl 4-(3-chlorophenyl)-6-ethyl«2-methyl^ 
carboxylate: 

[0143] The title compound was obtained from 250 mg (0.667 mmol) of 5- (2-cyanoethyl) 4-(3-chlorophenyl)-2-ethy1- 
6-methyl-1 ,4-dihydropyridine-3,5-dicarboxylate and 108 mg (0.800 mmol) of 3-phenylpropylamine in the same manner 
as that of Example 18-1). 

Yield: 161 mg (0.327 mmol) (49.1 %) 
MS (ESI, m/z) 492 (M+H)+ 

1 H-NMR (CDCI3): 1.18 (3H, t). 1.64-1.74 (2H, m), 2.29 (3H, s). 2.46 (2H ( t), 2.51-2.63 (4H, m). 3.10-3.24 (2H, m), 

4.18- 4.28 (2H, m). 4.73 (1H, s). 5.43 (1H, t), 6.51 (1H, s), 7.03-7.32 (9H. m) 

2) Synthesis of 4-(3-chlorophenyl)-6-ethyl-2-methyl-5-(3-phenylpropylcarbamoyl)-1 ,4<lihydropyridine-3-carboxylic 
acid: 

[0144] The title compound was obtained from 161 mg (0.327 mmol) of 2-cyanoethyl 4-(3-chlorophenyl)-6-ethyl-2- 
methyl-5-(3-phenylpropylcarbamoyl)-1 ,4-dihydropyridine-3-carboxylate in the same manner as that of Example 4-3). 

Yield: 78.0 mg (0.178 mmol) (54.3 %) 
MS (ESI, m/z) 439 (M+H) + 

1 H-NMR (DMSO-d 6 ) : 1.07 (3H, t), 1.62 (2H, quint), 2.24 (3H. s). 2.32-2.47 (4H, m), 2.94-3.14 (2H, m), 4.79 (1H, 
S), 7.1 1-7.28 (9H, m). 7.60 (1H, t), 8.21 (1H, s) 

[0145] The structural formulae of the compounds obtained in Examples 1 to 40 are shown in the following Table 
together with Example numbers. 
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(Test Example) Activity of inhibiting the action of L-type calcium channel: 

[0146] The activity of the dihydropyridine derivatives of the present invention to inhibit the action of L-type calcium 
channel was determined by the following method wherein the relaxation reaction on the KCI contraction of isolated tho- 
racic aorta samples of rats was utilized. 

1) Preparation of isolated thoracic aorta samples of rats: 

[01 47] The slips of thoracic aorta extracted from Wistar rats were used. Blood vessels were cut to form rings having 
a width of about 3 mm. The endothelial cells of the blood vessels were mechanically removed. The samples were sus- 
pended in a strain gauge in Tyrode solution (comprising 158.3 mM of NaCI, 4.0 mM of KCI, 15 mM of MgCI 2 , 0.42 mM 
of NaH 2 P0 4 , 10 mM of NaHC0 3 , 2 mM of CaCI 2 and 5 mM of glucose) in which a gaseous mixture of 0 2 (95 %) and 
C0 2 (5 %) was introduced, to apply a stationary tension of 2 g. The tension of the blood vessel was recorded with a 
multipen recorder (Rikadenki Kogyo Co., Ltd.) by using a transducer after the amplification with a tension amplifier (EF- 
601 G; Nihon Kohden Corporation). The experiments were conducted at 37°C. 

2) Determination of relaxation reaction against KCI contraction: 

[0148] After the tension was stabilized, the nutrient solution in the sample tank was replaced with High K + Tyrode 
solution (comprising 1 12.3 mM of NaCI, 50 mM of KCI, 1 .05 mM of MgCI 2 . 0.42 mM of NaH 2 P0 4 . 10 mM of NaHC0 3 , 
2 mM of CaCI 2 and 5 mM of glucose) to cause the contraction reaction. 30 minutes after, the solution in the sample tank 
was replaced with normal Tyrode solution. Then, the solution in the sample tank was again replaced with High K* 
Tyrode solution and the contraction reaction was observed. After the maximum contraction reaction occurred, a test 
compound was cumulatively added to realize concentrations of 1CT 9 , 10~ 8 , 10* 7 and 10" 6 M at intervals of 90 minutes. 
The inhibition rate of the test compound on the maximum contraction reaction was employed as the index of the activity 
of inhibiting the action of L-type calcium channel. 

(Test Example) Inhibition activity of N-type calcium channel (patch clamp method): 

[0149] The activity of dihydropyridines derivatives of the present invention to the inhibition of N-type calcium chan- 
nel was determined by the following method wherein the calcium electric currents in the ceils of maxillary sympathetic 
ganglions of rats were detected by the whole cell voltage clamp method as described below. 

1) Preparation of cells of maxillary sympathetic ganglions of rats: 

[0150] The cervix of each of Wistar rats (2 to 4 weeks old) was opened to expose the maxillary ganglions under 
anesthesia with pentobarbital. A pair of the ganglions were removed and immediately washed with Ca 2 *-free Tyrode 
solution cooled with ice. Each ganglion was cut into 3 or 4 pieces and kept in the Ca 2+ -free Tyrode solution for 15 min- 
utes. Then, these pieces were treated with papain [Washington Biochemicals (lot#35J557); 20 U/ml] for 20 minutes and 
then with a mixture of 2-type collagenase [Washington Biochemicals (CLS2); 5900 U/ml] and dispase [Calbiochem 
(lot#1312973); 16 mg/ml] for one hour. After enzymatic treatment, the ganglion cells were mechanically isolated by 
pipetting. The isolated ganglion cells were used for the experiments within 6 hours. 

2) Determination of calcium electric current: 

[01 51] The calcium electric current was determined by the whole cell voltage clamp method under the fixed mem- 
brane potential. The pipette electrode was pulled from glass tube (inner diameter: 1.5 mm; Narishige) in two stage of a 
vertical pipette puller (PB-7; Narishige). The ionic current was amplified with a patch amplifier (CEZ-2300; Nihon Koh- 
den Corporation). The noises were cut at 10 kHz (E-3201B, NF Electronic Instrument) and then the ionic current was 
monitored on a storage oscilloscope (DS-9121 , Iwatsu) and, at the same time, recorded with a DAT data recorder (RD- 
1 20TE, TEAC). Then it was passed through a 1 kHz filter and recorded in a computer (Compaq DeskPro) with pCLAMP 
software (Axon Instrument) of 3 kHz. All the experiments were performed at room temperature (25 ± 2°C.) In the meas- 
urement of the current through the calcium channel, 10 mM barium (composition of the solution: shown below) was 
used in place of calcium as the charge carrier. The transmission of barium through the calcium channel was higher than 
that of calcium in the sympathetic ganglion cells, and the calcium-dependent channel inactivation was slight when bar- 
ium was used. 

[0152] The test compounds were rapidly administered by Y-tube method by Murase et al. [Brain Res. 525, 84 
(1990)]. Each compound was dissolved in DMSO preparing 10 mM mother solution. At the highest drug concentration 
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used, the vehicle (0.1 %) had no significant effect on the calcium electric current. 

3) Solution composition: 
[0153] 

Composition of Normal Tyrode's solution: NaCI; 143, KCI; 4, MgCI 2 ; 0.5; CaCI 2 ; 1.8. glucose; 5.5, NaH 2 P0 4 ; 0.33. 
HEPES; 5 (Mm). The pH was adjusted to 7.4 with tris-OH. Composition of Ca-free Tyrode's solution: the same as 
that of the Normal Tyrode's solution except that it was free of CaCI 2 

External solution for the determination of calcium electric current (mM): TEACI; 144, CsCI; 4, BaCI 2 ; 1.8. MgCI 2 ; 
0.53. glucose: 5.5. HEPES; 5 (pH 7.4) 

Solution in patch electrode: CsCI; 140, MgCI 2 ; 5. CaCI 2 ; 0.28, HEPES; 10 (pH 7.2), EGTA; 5 (pH 7.2). 

4) Results: 

[0154] The electric current was induced by the depolarization for 50 ms, from the holding potential of —60 mV to 
the test potential of 0 mV. This test potential was the peak in the current/voltage relationship, and the inhibition effect 
was examined at this point at which the error by the drift of the holding potential was reduced. As Tsein et al. reported, 
the maxillary ganglion cells were substantially free of L-type component (not more than 5 %). and at least 85 % thereof 
comprised the N-type component. After recording a calcium electric current for 5 continuous pulses, the test compound 
was cumulatively added with concentrations of 0.1. 1 and 10 uM. The pretreatment time for the compound of each con- 
centration was 2 minutes. 

(Test Exarrple) Activity of inhibiting the action of N-type calcium channel (fluorescent dye method): 

[0155] Human neuroblastoma cell IMR-32 was obtained from ATCC (American Type Culture Collection). The cul- 
ture medium was prepared by adding 2 mM of L-glutamine (GIBCO). 1 mM of sodium pyruvate of pH 6.5 (GIBCO). a 
liquid antibiotic/antimicotic mixture (GIBCO) and 10 % fetal calf serum (Cell Culture Technologies) to an Eagle minimum 
essential medium (GIBCO) free of Phenol Red and containing earle's salts supplyment. 3 ml of 1x10 /ml IMR-32 cells 
was spread on a glass dish (IwaW Glass Co., Ltd.) having a bottom diameter of 35 mm, which had been treated with 
poly-D-lysine (SIGMA) and also with collagen (COLLAGEN VITROGEN 100; a product of Collagen Co.). After the cul- 
ture for 2 days. 1 mM (final concentration) of dibutyl cAMP and 2.5 \M of bromodeoxyuridine (SIGMA) were added to 
the culture mixture. After the culture for additional 1 0 to 1 4 days, the cells were used for the activity determination. The 
IMR-32 cell medium prepared as described above was replaced with Eagle minimum essential medium (GIBCO) con- 
taining 1 ml of 10 ^iM fura-2/AM (Dojin Kagaku Co.) and earle's salts supplyment but free of Phenol Red, and the incu- 
bation was conducted at 25°C for one hour. 

[0156] Then the medium was replaced with fura-2/AM-free Eagle minimum essential medium (GIBCO) free of Phe- 
nol Red and containing earle's salts supplyment. After conducting the incubation at 37°C for one hour, the medium was 
replaced with a recording medium (comprising 20 mM of HEPES-KOH, 115 mM of NaCI. 5.4 mM of KCI. 0.8 mM of 
MgCI 2 . 1.8 mM of CaCI 2 and 13.8 mM of D-glucose). The N-calcium channel inhibition activity was determined and 
analyzed with a fluorescent microscope (Nikon corporation) and an image analysis apparatus ARGUS 50 (Hamamatsu 
Photonics). Namely, a recording medium (comprising 20 mM of HEPES-KOH. 1 15 mM of NaCI. 5.4 mM of KCI, 0.8 mM 
of MgCI 2 , 1.8 mM of CaCI 2 and 13.8 mM of D-glucose) containing 1 uM of Nifedipine was applied to the cells and 
refluxed by Y-tube method for 2 minutes. Then, a 60 mM potassium chloride-containing stimulating agent was rapidly 
given. Thereafter, 60 mM potassium chloride-containing stimulating agents which further contained 0.1 . 1 or 10 pM of 
a test compound were rapidly and successively administered by Y-tube method to determine the channel inhibition 
activity. Finally, 60 mM potassium chloride-containing stimulating agent further containing 1 pM of omega conotoxin 
(Peptide Kenkyu-sho) was rapidly given by Y-tube method to realize 100 % inhibition of the N-type calcium channel. 
[0157] Table 1 shows the results of the determination of the activity of inhibiting the N-type calcium channel (with 
0.1 jiM of a dihydropyridine derivative) and also the activity of inhibiting the L-type calcium channel (with 10" M of a 
dihydropyridine derivative) by the patch clamp method. Table 2 shows the results of the determination of the activity of 
inhibiting the N-type calcium channel by the fluorescent dye method. 
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Table 1 



Example 


N-type inhibition 


L-type inhibition 




0.1 uM(%) 


10* 7 M(%) 


IC50. nM 


1 


35 


19 


>1000 


4 


16 


-7 


914 


12 


24 


21 


220 


17 


16 


-6 


>1000 



Table 2 



Example 


N-type inhibition plC 50 


1 


5.3 


4 


5.8 


10 


5.6 


12 


5.9 


17 


5.8 


21 


6.1 


34 


6.2 



[0158] It is apparent from the above-described facts that the new dihydropyridine derivatives have an excellent 
activity of inhibiting the action of the N-type calcium channel. 

[0159] The activity of inhibiting the L-type calcium channel of them was also examined to find that it was weak. 
[01 60] The new dihydropyridine derivatives of the present invention had the activity of selectively inhibit the action 
of the N-type calcium channel. Therefore, the new dihydropyridine derivatives of the present invention are usable for the 
treatment of encephalopathies caused by the ischemia in the acute phase after the onset of cerebral infarction, cerebral 
hemorrhage (including sub arachnoidal bleeding) or the like; progressive neurodegenerative diseases; e. g. Alzheimer's 
disease; AIDS related dementia; Parkinson's disease; dementia caused by cerebrovascular disorders and ALS; neu- 
ropathy caused by head injury; sharp pain and a cold feeling caused by diabetes or thromboangitis obliterans; pain after 
an operation; various pains, e. g. migraine and visceral pain; bronchial asthma; various diseases caused by psycho- 
genic stress, e. g. unstable angina and hypersensitive colon inflammation; emotional disorder; and drug addiction with- 
drawal symptoms, e. g. ethanol addiction withdrawal symptoms. 

Claims 



1 . Dihydropyridine derivatives of following general formula (1 ) or pharmaceutical^ acceptable salts thereof: 
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(1) 




-Y — F 



wherein A represents a group of following general formula (2), 1-naphthyl group, 2-naphthyl group , thiophene- 
3-yl group, thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, 
pyridine-2-yl group, indole-2-yl group or indole-3-yl group: 



wherein R 1 , R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen 
atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group, a lower afkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower 
alkylthio group, a lower alkanoyl group, a lower alkoxycarbonyl group, a hydroxy-lower alkyl group, a hydroxy- 
lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl 
group, a halogeno-lower alkenyl group, an aryl group, a heteroaryl group, an aryl-lower alkoxyl group or an 
aroyl group, 

B represents cyano group, nitro group, acetyl group, tetrazole group, triazole group or a group of following gen- 
eral formula (3) or (4): 



wherein R 6 to R 8 each represent hydrogen atom, a linear, branched or cyclic, saturated or unsaturated hydro- 
carbon group having 1 to 6 carbon atoms, an alkyl group substituted with a cyclic alkyl group which may con- 
tain a hetero atom, a substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaryl group, 
a hydroxy-lower alkyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower 
alkenyl group, an aryl-lower alkyl group, an aryl-lower alkenyl group, a heteroaryl-lower alkyl group excluding 
pyridine-3-ylpropyl group, a heteroaryl-lower alkenyl group, a cyano-lower alkyl group or a cyano-lower alkenyl 



(2) 




(3) 



(4) 




RS-O^ 
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group, and the chains in R 6 to R 8 may have a hetero atom, and 

R 7 and R 8 may together form a ring which may contain a hetero atom, 

C represents hydrogen atom, a lower alkyl group, dimethoxymethyl group, cyano group, a hydroxy-lower alkyl 
aroup or a halogeno-lower alkyl group. 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alky Ign* 
E represents hydrogen atom, a lower alkyl group, dimethoxymethyl group, cyano group, a hydroxy-lower alkyl 

group or a halogeno-lower alkyl group, 

F represents an aryl group, a heteroaryl group or a cyclic alkyl group which may have a hetero atom. 
G represents hydrogen atom or a lower alkyl group. 

X 1 represents an interatomic bond. -CH 2 -. -CH 2 CH 2 -, -CH=CH- or -C-C-, and 
Y represents a group of any of following general formulae (5) to (14): 



(5) H2 



(6) 





(B)-l (8)-2 



H2 



(7) 



(8)-3 



H2 
.C 



H2 H2 
H2 



H2 H2 

C C 
H2 H2 



R 



(9) H2r. 



(10) H2 

H2 



(11) 



C 
H2 



H2 H2 H2 
H2 H2 



H2 H2 
H2 




03) Ha _ < 13 > I „ (H> ^ JS 



R° 



•C^O ^V^n C IS 



R 

wherein R 9 to R 12 and R° may be the same or different from each other, and each represent hydrogen atom 
a lower alkyl group, a hydroxy-lower alkyl group, a thio-lower alkyl group, an alkylthio-lower alkyl group, an aryl 
group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group, and . ma 

B and C may together form a lactone ring or lactam ring or two of R to R^ may be bonded together to form a 
ring, and R 9 and R 10 may be bonded together to form a ring. 

The dihydropyridine derivatives or pharmaceutical* acceptable salts thereof stated in claim 1 wherein F in general 
formula (1) S preferably a group of following formula (15). thiophene-3-yl group, thiophene-2-yl group, furan-3-yl 
group. I^TwZ J«*nl^ group pyridine-3-y. group, pyridine-2-y. group, cyclohexy. group. pyrro..d.ne- 
1 -yl group, morpholine-4-yl group, imidazole-1 -yl group or pyrrolidine- 1 -yl group: 
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(15) 



R 




is 



R 



wherein R 13 , R 14 , R 15 , R 16 and R 17 may be the same or different from each other, and each represent hydro- 
gen atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group, a lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkyla m » n <> O^oup, a lower 
alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy- 
lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl 
group, an aryl-lower alkyl group, an aryl-lower alkoxyl group, a lower alkoxycarbonyl group, carbamoyl which 
may have a substituent, a carboxyamide group which may have a substituent, an aroyl group, an aryl group, a 
heteroaryl group or a saturated cyclic hydrocarbon group having 3 to 8 carbon atoms, which may have a hetero 
atom in its chain if necessary; and 
two of R 13 to R 15 may be bonded together to form a ring. 

3. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 1. wherein Y repre- 
sents a group represented by general formula (6). 

4. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 1. wherein D repre- 
sents hydrogen atom, G represents hydrogen atom, X 1 represents an interatomic bond, and Y represents a group 
represented by general formula (6) wherein R 9 to R 10 each represent hydrogen atom. 

5. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 1, wherein B repre- 
sents a group represented by general formula (3) or a group represented by general formula (4) wherein either R 7 
or R 8 represents hydrogen atom or B is condensed with C to form a lactone ring. D represents hydrogen atom. G 
represents hydrogen atom. X 1 represents an interatomic bond, and Y represents a group represented by general 
formula (6) wherein R 9 to R 10 each represent hydrogen atom. 

6. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 1, wherein B repre- 
sents a group represented by general formula (3) wherein R 6 represents hydrogen atom. D represents hydrogen 
atom, G represents hydrogen atom. X 1 represents an interatomic bond, and Y represents a group represented by 
general formula (6) wherein R 9 and R 10 each represent hydrogen atom. 

7. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2, wherein B repre- 
sents a group represented by general formula (3) wherein R 6 represents hydrogen atom or a group represented by 
general formula (4) wherein either R 7 or R 8 represents hydrogen atom, D represents hydrogen atom, G represents 
hydrogen atom, X 1 represents an interatomic bond, and Y represents a group represented by general formula (7). 

8. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 7, wherein B repre- 
sents a group represented by general formula (3) wherein R 6 represents hydrogen atom. 

9. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2, wherein B repre- 
sents a group represented by general formula (3) wherein R 6 represents a group other than hydrogen atom, D rep- 
resents hydrogen atom, G represents hydrogen atom, X 1 represents an interatomic bond, and Y represents a 
group represented by general formula (7). 



10. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 2, wherein B repre- 
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sents a group represented by general formula (3) wherein R 6 represents an aryl-lower alkenyl group, a heteroaryl- 
lower alkenyl group or a cyano-lower alkyl group. D represents hydrogen atom, G represents hydrogen atom, X 
represents an interatomic bond, and Y represents a group represented by general formula (7). 

11. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in daim 1, wherein A repre- 
" sents a group represented by general formula (2), B represents a group represented by general formula (3) wherein 

R 6 represents hydrogen atom, D represents hydrogen atom, F represents a group represented by general formula 
(15), G represents hydrogen atom, X 1 represents an interatomic bond, and Y is a group represented by general for- 
mula (6) wherein R 9 to R 10 each represent hydrogen atom. 

12. The dihydropyridine derivatives or pharmaceutical^ acceptable salts thereof stated in claim 11, wherein C repre- 
sents methyl group and E represents methyl group. 

1 3. Dihydropyridine derivatives of following general formula (16) or pharmaceutical^ acceptable salts thereof: 

(16) 



X 2 — R 25 





R 20 






T 




R 


Yr 22 




0 


R 2 !. 





wherein R 18 , R 19 , R 20 , R 21 and R 22 may be the same or different from each other, and each represent hydro- 
gen atom, a halogen atom) hydroxyl group, amino group, cyano group, nitro group, a lower alkyl group, a lower 
alkoxyl group, a lower alkenyl group, a lower alkylamino group, a lower alkylthio group, a lower alkanoyi group, 
a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower 
alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl group, an aryl-lower alkoxyl group or an 
aroyl group, R 23 represents carboxyl group, carbamoyl group, cyano group or a group of following general for- 
mula (17): 




wherein R 27 represents a linear, branched or cyclic, saturated or unsaturated hydrocarbon group having 1 to 6 
carbon atoms which may contain an oxygen atom in the chain, 

R 24 represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group, 
R 25 represents a substituted or unsubstituted aryi group, a substituted or unsubstituted heteroaryl group or a 
cyclic alkyl group, 

R 26 represents hydrogen atom or a lower alkyl group. 

X 2 represents a group of any of following general formulae (18) to (21): 
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(18) 




(19) 




H2 



(21) 



O 



(20) 



H2 H2 



H2 




wherein R 28 to R 30 may be the same or different from each other, and each represent hydrogen atom or a 
lower alkyl group, and 

two of R 18 to R 20 may be bonded together to form a ring. 

14. The dihydropyridine derivatives or pharmaceutically acceptable salts thereof stated in claim 13. wherein R 24 . R 28 
and R 29 each represent hydrogen atom, and X 2 represents a group of formula (18). 

1 5. An N-type calcium channel antagonist containing a dihydropyridine derivative of following general formula (1 -1 ) or 
a pharmaceutically acceptable salt thereof as the active ingredient: 



wherein A represents a group of following general formula (2). 1 -naphthyl group, 2-naphthyl group , thiophene- 
3-yl group, thiophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group. 
pyridine-2-yl group, indole-2-yl group, indole-3-yl group, quinoline-2-yl group, quinoline-3-yl group, quinoline-4- 
yl group, quinoline-5-yl group, quinoline-6-yl group, quinoline-7-yl group, quinoline-8-yl group, another heter- 
oaryl group, cyclohexyl group, cyclopentyl group or another cyclic alkyl group which may have a hetero atom 
in its group: 



(1-D 



A 




D 
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(2) 




wherein R 1 . R 2 , R 3 , R 4 and R 5 may be the same or different from each other, and each represent hydrogen 
atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group a lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower 
alkylthio group, a lower alkanoyl group, a lower alkoxycarbonyl group, a hydroxy-lower alkyl group, a hydroxy- 
lower alkoxyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl 
group, a halogeno-lower alkenyl group, an aryl group, a heteroaryl group, an aryl-lower alkoxyl group or an 
aroy! group, 

B represents cyano group, nitro group, acetyl group, tetrazole group, triazole group or a group of following gen- 
eral formula (3) or (4): 



(3) 



R 6 -0 



A. 



(4) 



,8' 



N 



wherein R 6 to R 8 each represent hydrogen atom, a linear, branched or cyclic, saturated or unsaturated hydro- 
carbon group having 1 to 6 carbon atoms, an alkyl group substituted with a cyclic alkyl group which may con- 
tain a hetero atom, a substituted or unsubstituted aryl group, a substituted or unsubstituted heteroaryl group, 
a hydroxy-lower alkyl group, a hydroxy-lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower 
alkenyl group, an aryl-lower alkyl group, an aryl-lower alkenyl group, a heteroaryl-lower alkyl group, a^eter- 
oaryl-lower alkenyl group, a cyano-lower alkyl group or a cyano-lower alkenyl group, and the chains in R to R 
may have a hetero atom, and R 7 and R 8 may together form a ring which may contain a hetero atom. 
C represents hydrogen atom, dimethoxymethyl group, cyano group, a lower alkyl group, a hydroxy-lower alkyl 
group, a halogeno-lower alkyl group, an amino-lower alkyl group, an azido-lower alkyl group, an aryl group, a 
heteroaryl group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group, 

D represents hydrogen atom, a lower alkyl group, a hydroxy-lower alkyl group or an aryl-lower alkyl group. 
E represents hydrogen atom, dimethoxymethyl group, cyano group, a lower alkyl group, a hydroxy-lower alkyl 
group, a halogeno-lower alkyl group, an amino-lower alkyl group, an azido-lower alkyl group, an aryl group, a 
heteroaryl group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group, 
X 1 represents an interatomic bond, -CH 2 -, -CH 2 CH 2 -. -CH=CH- or -C=C-, 
J represents a group of any of following formulae (J-1) to (J-3): 
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10 



15 



20 



25 



30 



35 



40 



45 



(j-i) 



I 

G 



(J-2) 



H /(CH 2 )m s 
N *. 




(J-3) 



(CH 2 )n N 



wherein F in formula (J-1) represents an aryl group, a heteroaryl group or a cyclic alkyl group which may con- 
tain a hetero atom, 

G represents hydrogen atom or a lower alky! group, 

Y represents a group of any of following general formulae (5) to (14), (22) and (23): 



so 



55 
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(8)-l 



H2 H2 
H2 



(8)-2 



H2 H2 

' C "C-C"C' 

H2 H2 



(8)-3 



H2 H2 H2 
H2 H2 



(9) 



H2 r\ 



(10) 



H2 
H2 



(ID 



H2 H2 

• cx c" Cv o' 

H2 



(12) 



H2 

H2 



R c 



(13) 




(14) 



R 



H2 
H2 R 12 




wherein R 9 to R 12 , R and R° may be the same or different from each other, and each represent hydrogen atom 
TlcLr alkyi group, a hydroxy-lower alkyl group, a thio-lower alkyl group, an alkylth.o-lower alkyl group, an aryl 
group, an aryl-lower alkyl group or a heteroaryl-lower alkyl group. ,,^ aMn * e 
and in formulae (J-2) and (J-3). m represents an integer of 1 to 3. n represents an .nteger of 2 or 3. 1 represents 
an aryl group, a heteroaryl group, a cyclic alkyl group which may contain a hetero atom or a group of fol.ow.ng 
formula (la): 
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(la) 



.P. 



(CH2)k-CH N 



Q 



wherein k is 0, 1 or 2, P and Q may be the same or different from each other, and each represent hydrogen 
atom, a lower alky! group, a hydroxy-lower alkyl group, a thio-lower alkyl group, an alkylthio-lower alky! group, 
an aryl group, an aryl-lower alkyl group, a heteroaryl group or a heteroaryl-lower alkyl group, or P and Q 
together form a ring which may contain a hetero atom, and 

B and C may together form a lactone ring or lactam ring or two of R 1 to R 3 may be bonded together to form a 
ring, and R 9 and R 10 may be bonded together to form a ring. 

16. The N-type calcium channel antagonist containing a dihydropyridine derivative or a pharmaceutical^ acceptable 
salt thereof as the active ingredient as stated in claim 15, wherein J represents a group of formula (J-1). 

17. The N-type calcium channel antagonist containing a dihydropyridine derivative or a pharmaceutical^ acceptable 
salt thereof as stated in claim 1 6, wherein F represents a group of following formula (1 5), thiophene-3-yl group, thi- 
ophene-2-yl group, furan-3-yl group, furan-2-yl group, pyridine-4-yl group, pyridine-3-yl group, pyridine-2-yl group, 
imidazole-1-yl group, another heteroaryl group, piperidine-1-yl group, piperidine-4-yl group, pyrrolidine-1 -yl group, 
pyrrolidine-3-yl group, piperidinone-1-yl group, pyrrolidinone-1-yl group, piperazine-1-yl group, morpholine-4-yl 
group, cyclohexyl group, cyclopentyl group or a cyclic alkyl group having 3 to 8 carbon atoms: 



wherein R 13 , R 14 , R 15 , R 16 and R 17 may be the same or different from each other, and each represent hydro- 
gen atom, a halogen atom, hydroxyl group, carboxyl group, amino group, cyano group, nitro group, a lower alkyl 
group, a lower alkoxyl group, a lower alkenyl group, a lower alkynyl group, a lower alkylamino group, a lower 
alkylthio group, a lower alkanoyl group, a hydroxy-lower alkyl group, a hydroxy-lower alkoxyl group, a hydroxy- 
lower alkenyl group, a halogeno-lower alkyl group, a halogeno-lower alkoxyl group, a halogeno-lower alkenyl 
group, an aryl-lower alkyl group, an aryl-lower alkoxyl group, a lower alkoxycarbonyl group, carbamoyl group 
which may have a substituent, a carboxyamide group which may have a substituent, an aroyl group, an aryl 
group, a heteroaryl group or a saturated cyclic hydrocarbon group having 3 to 8 carbon atoms, which may have 
a hetero atom in its chain if necessary. 

18. The N-type calcium channel antagonist containing a dihydropyridine derivative or a pharmaceutical^ acceptable 
salt thereof stated in any of claims 1 to 14 as the active ingredient. 

19. A medicine containing a dihydropyridine derivative stated in any of claims 15 to 17 or a pharmaceutical^ accepta- 
ble salt thereof as the active ingredient, and usable for any of encephalopathies caused by the ischemia in the 
acute phase after the onset of cerebral infarction or cerebral hemorrhage; Alzheimer's disease; AIDS related 
dementia; Parkinson's disease; progressive neurodegenerative disease; neuropathy caused by head injury; sharp 
pain caused by thromboangitis obliterans; pain after an operation; migraine; visceral pain; bronchial asthma; unsta- 



(15) 




13 



14 
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ble angina; hypersensitive colon inflammation; and drug addiction withdrawal symptoms: 

20 A medicine containing a dihydropyridine derivative stated in any of claims 1 to 14 or a pharmaceutical^ acceptable 
salt thereof as the active ingredient, and usable for any of encephalopathies caused by the ischemia in the acute 
phase after the onset of cerebral infarction or cerebral hemorrhage; Alzheimer's disease; AIDS related dementia; 
Parkinson's disease; progressive neurodegenerative disease; neuropathy caused by head injury; sharp pain 
caused by thromboangitis obliterans; pain after an operation; migraine; visceral pain; bronchial asthma; unstable 
angina; hypersensitive colon inflammation; and drug addiction withdrawal symptoms: 

21. A medicinal composition containing any of the dihydropyridine derivatives and pharmaceutical^ acceptable salts 
thereof stated in any of claims 1 to 1 4 as the active ingredient. 
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